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As the time allotted to this discussion is necessarily limited to a few 
roinuteB, I shall confine my remarks chiefly to the characterization of 
the clinical type9 of plague and to the diagnosis of the disease rather than 
enter upon an analysis of the individual symptoms. The statements 
are based upon a clinical study of plague made in San Francisco* in 
February, 1901, and previously in 1899, in Hong Kong and in India 
(Bombay, Poona). The descriptions are based upon the conception 
that plague is a disease due to infection with a bacillus (B. pestis), which 
is capable of causing acute general septicaemia without visible local 
reaction in highly susceptible animals, or a local process (usually mani¬ 
fested in the nearest lymph glands rather than at the site of inoculation) 
in resistant animals, or processes intermediate in severity in animals 
intermediate in resistance. 

The first case of plague was discovered in San Francisco on March 
6,1900, by Drs. F. P. Wilson and W. H. Kellogg, the diagnosis being 
confirmed by animal experiment by Dr. J. J. Kinyoun, of the United 
States Marine Hospital Service. There are indications that the disease 
has existed even longer, but the proof for this can scarcely be brought. 
In all probability it came to San Francisco from Hong Kong or Canton, 
and is accordingly to be looked upon as an offshoot of the Chinese epi¬ 
demic. The disease in San Francisco has at no time prevailed in the 
form of an outspoken epidemic, the mortality tables not being con¬ 
spicuously altered by its presence: 

1 Based on remarks made before the Association of American Physicians, Washington, 
May 1,1901. 

5 As a member of a Commission appointed by the Secretary of the Treasury under the orders 
of the Surgeon-General of the Marine Hospital Service. 
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Mortality from all Causes among Chinese of San Francisco, 
1897 - 1901 . 


Months. 

1897 

1898 

1899 

1900 : 1901 ' 

Mouths. 

1897 

1898 

1899. 

1900 

1901 

January. 

February, 

March, 

April, 

May, 

June, 

July, 

37 

46 

38 

35 

27 

30 

39 

So 

36 

46 

41 

34 

21 

25 

46 

39 

37 

33 

36 

46 

34 

64 | 45 

48 ! 

47 : 

30 : 

42 ! 

25 i 

3S j 

August, 

September, 

October, 

November, 

December, 

| Total, 

35 

45 

36 

39 

23 

47 

27 

53 

66 

46 

43 

35 : 

44 

37 

48 

19 

27 

32 

34 

32 


430 

477 

478 

438 

45 


Or the contrary, the progress of the disease in California has been 
that which has characterized plague before the outbreak of a great 
epidemic in nearly every place where the disease has prevailed. It is 
the same kind of “sneaking” progress as was Been in Hong Kong, 
Calcutta, and Bombay for. months before large numbers of people were 
attacked. That such “sneaking” epidemics may die out without 
culminating in a large outbreak was demonstrated by the experience in 
Ahmedabad from October, 1898, to August, 1897, where, though one 
hundred and thirty-six cases of plague were imported, the disease 
developed in only twenty-seven of the inhabitants. 

In connection with the fact that no great outbreak has occurred in 
San Francisco, it is significant that as far as ascertained there has been 
no general infection of the rats of that city. A Email number of rats 
found dead, as well as several living rats caught in the sewers of China¬ 
town, showed no evidence of infection with bacillus pestis. 

Up to the time of our visit to San Francisco twenty-five deaths due 
to plague had been discovered during a period of about eleven months 
(March, 1900, to January, 1901). These cases have been reported 
by Dr. Kellogg,' and it is from his reports that I have drawn the data 
referable to the cases which occurred before February, 1901. During 
the eight days—February 6 to February 13,1901 -the special commis¬ 
sion from the Treasury Department found six cases of plague. Alto¬ 
gether, then, from March 8, 1900, to February 13, 1901, thirty-one 
cases of plague had been recognized. Most of them were found dead, 
and the diagnosis was based upon the pathological appearance and the 
bacteriological examination. Several cases were, however, studied dur¬ 
ing life. Of the six cases observed by ihe Commission, three were seen 
during life, and two of these three recognized clinically as cases of 
bubonic plague. 

i Kellogg, W. H. The Plague: Report or Cases, Occld. Med. Tillies, S. F., 1900. vol. sir. PP- 
197-207. Kellogg and Klnjoau, J. J. The Plague: Thirteenth Case, Ibid., 1900, toI. air. pp. 
245-257. Kellogg. W. H Plague Cases Fourteen and Fifteen, ibid., 1900. vol. xiv. pp. 284-85. 
The Plague in San Francisco, Cases Sixteen. Seventeen, and Eighteen, ibid., 1900. vol. xlv. 
pp. S45-17. Plague In San Francisco, ibid., 1901, vol. xv. pp. 11-15. Plague Cases Twenty- 
three, Twenty-four, and Twenty-five, ibid., 1901, vol. xv. pp. 45-46. 
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No. 

Name. 

Age. 

Sex. 

Color. 

Place of death. 

Dale of death. 

1 

Wing Chut King, 

41 

M. 

Mongolian, 

1001 Dupont, 

Mar. -6, 1900 

2 

Chu Gan, 

22 

M. 

723 Sacramento, 

" 15. 

3 

Ng Ach Gin, 

37 

M. 

•* 

905 Dupont. 

" 17, “ 

4 

Lee Sun King, 

47 

M. 


Oneida Place, 

“ 18, '• 

b 

Law An, 

38 

M. 


St. Louis Alley, 

Apr. 24, “ 

6 

Lim Fa Muey, 

16 

K. 


789 Clay, 

717 Jackson, 

May 11, " 

7 

Chu Sam. 

SS 

M. 


“ 11, “ 

8 

Chin Moon, 

16 

F. 


730% Commercial, 
740 Pacific, 

" 13, " 

9 

Her Woon Jock, 

53 

M. 


“ 14, " 

10 

Lang Hong, 

40 

M. 


706 “ 

“ 29. “ 

11 

Chen Kney Kim, 

49 

M. 


819 Clay, 

June 2. “ 

12 

Jay Man Tong, 

60 

M. 


759 “ 

<• 9 , “ 

13 

14 

Lee Wing Tong. 
William Murphy, 

40 

34 

M. 

M. 

White, 

767 '• 

427 Dupont, 

July 6, ■* 
Aug. 11, “ 

lb 

Ham Tan, 

29 

M. 

Mongolian, 

900 *• 

** 15, “ 

16 

Lee Do Hen, 

50 

M. 

710% “ 

Oct 5, “ 

17 

Chun Yen, 

37 

M. 


767 Clay, 

*• 10, “ 

18 

Talk Dong Leong, 

39 

M. 


705 •• 

“ 14. “ 

19 

Young Moon Li chee. 

SO 

K. 


802 Dupont, 

'• 31, “ 

20 

Young Wah Noni, 

9 

F. 


802 “ 


21 

Anne Roede, 

28 

F. 

White. 

Pacific Hospital. 

“ 3, “ 

22 

Lee Ho. 

30 

M. 

Mongolian, 

844 Washington, 

Dec. 7, “ 

23 

Chun Wey Lung, 

60 

M. 


7H0 Jackson, 


24 

Learn Wing Low, 

59 

M. 


633% Clay, 

5 Lafayette Place, 

“ 15. “ 

2a 

Angela Colombo, 


M. 

White. 

15, “ 

26 

Chun Ah Chou, a 

44 

M. 

Mongolian, 

814 Washington, 

Feb. 5. “ 

27 

Lum Hong Yuen, a 

37 

M. 

28 Ross Alley, 


28 

Wong Chi Lul, a 

50 

M. 

11 

15% Waverley, 

814 Washington, 

St. Louis Alley, 

“ 7, *' 

29 

51 

M. 

•• 

“ 10, " 

SO 

Ungb Ah Buck, a 

45 

M. 

■< 

11, “ 

HI 

Foong Ah Fong, a 

12 

F. 

“ 

747 Sacramento, 

“ 12, " 


a Observed by Commission. 

Note. —Particular places of death of following numbers were as 
indicated below: No. 8, Pacific Hospital, Stockton and Chestnut 
Streets; No. 13, City and County Hospital; No. 14, City and County 
Hospital; No. 21, Children’s Hospital, 3700 California Street; No. 
25, City and County Hospital. 

The accompanying map (page 380) shows the distribution of the 
plague cases in San Francisco: 

Of the thirty-one cases, twenty-eight were Mongolians and only three 
Caucasians. As to age, the following table gives the deaths according 
to decades: 


1 

Age. 

to 10 years . 






Deaths. 

. 1 

11 

“ 20 “ 






. 3 

21 

" 30 






. 5 

31 

“ 40 « 






. 9 

41 

“ 50 “ 






. 7 

51 

" 60 “ 






. 5 

61 

“ 70 “ 






. 0 


As is well known, plague usually kills more people between twenty 
and thirty than in any other decade. It is to be remembered, however, 
that in San Francisco the Mongolian population may scarcely be 
regarded as a normal one. The number of females is small, there are 
relatively few births in Chinatown, and relatively few young people. 
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The predominance of males and middle-aged individuals is easily ex¬ 
plicable when the legal status of the Chinese in America is considered. 



Map of " Chinatown,” San Francisco. 


Circles indicate cases seen and regarded as plague by City Board of Health before arrival 
of Commission. 

Crosses indicate cases of plague observed by the Commissioners from February 5th to February 
12.1901. 
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Of the thirty-oue cases, six were in females and twenty-five in males. 
Experience in other epidemics indicates that there is but little difference 
in the number of males and females attacked. The disproportion in 
the San Francisco epidemic is doubtless dependent upon the small 
number of female Chinese living in Chinatown. 

The type of the disease which has been prevailing is the bubonic. 
In twenty-three of the thirty-one cases a definite bubo (probably 
primary) was made out in twenty-three instances. Only one primary 
septicemic case was established, and only one pneumonic case was 
observed. In seven of the cases the descriptions do not permit of 
definite classification as regards the clinical type, though the diagnosis 
of the disease itself was in each case fully established. 

The daily inspections of the sick and dead permitted of observations 
relative to the mode of life of the people in the fourteen blocks of San 
Francisco which make up ,c Chinatown.” These observations were 
extended by special trip3 of inspection under the guidance of officers 
of the city detective force and by numerous independent trips of 
inspection. 

The dwellings of the poorer classes of Chinese were found to be here, 
as they seem to be everywhere, shockingly unsanitary. In places there 
is marked overcrowding; the rooms are small; they are often entirely 
devoid of light or means of ventilation, and nearly always insufficiently 
lighted and ventilated; many of them are filthy; some of them, espe¬ 
cially those situated in basements, are damp, and emit a foul stench. 
These faults in sanitation are not confined to the tenement-houses of 
the Chinese; on the contrary, in the rear of or over or under some of 
the more pretentious business buildings are to be found sleeping and 
living apartments which are most objectionable from a sanitary point 
of view. 

The Chinese in San Francisco are, however, in many respects much 
better off than are their countrymen in great native centres like Canton, 
or even than those in a city like Hong Kong. There is almost an 
entire absence of the utter destitution met with among many of the 
Chinese in Asia. The Chinese in San Francisco are, on the whole, 
very well fed, for wages are high and food is abundant and cheap. 
They are also well clothed, as a rule, and particular emphasis is to be 
laid upon the fact that the Chinese here wear shoes, stockings, and 
trousers, since it is believed by many that the bare legs and feet of the 
Chinese in Hong Kong and Canton had much to do with the frequency 
of infection with plague in those places. 

A large percentage of the Chinese in San Francisco, it is said, smoke 
opium. There are a number of Chinese prostitutes, but inspection of 
the quarters occupied by the latter would indicate that the rooms in 
which they live are, on the whole, more wholesome as regards air-space, 
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light, ventilation, and cleanliness than those of the Other inhabitants 
of the district. 


The Bubonic Cares or Glandular Plague. 

The ordinary clinical features of this form are now so familiar that 
they need scarcely be entered into in detail. The symptom-complex 
is characteristic, and there ought to be but little difficulty, as a rule, in 
making a diagnosis. The sudden onset of fever, preceded, usually, 
by but few prodromata, associated very quickly with painful glandular 
enlargements, severe headache, nausea, and vomiting are the conditions 
commonly met with. The fever varies between 103° and 105° F., but 
may rise as high as 108° or even higher. There is a moderate leuco- 
cytosis associated with some anosmia, and with a moderate diminution 
in the amount of haemoglobin. 

The buboes usually appear rapidly after the first onset of symptoms. 
Indeed, if a physician is called he nearly always finds a bubo already 
developed. The size varies according to the stage of development of 
the bubo and the character of the infection. Usually one gland of a 
group swells first, after which there is rapid extension to other glands 
of the packet. The larger buboes are due to swelling of several glands 
and cedema of the adjacent tissues. In the fully developed buboes it is 
usually impossible to make out the individual glands of which the whole 
swelling is made up. The buboes are exquisitely painful, as a rule, 
though some lethargic patients complain but little. They are especially 
sensitive on pressure. Among the Chinese it was common to find a 
black plaster applied to the region of the swollen glands, to alleviate 
what the patient regarded as “rheumatic” pain. A good deal of 
stress is to be laid upon the elastic resistance of the swelling, which is 
due to the oedema. The skin may be tense over the swelling; it looks 
thin and glossy. It is often reddened over the bubo, and occasionally 
vesicles or pustules appenr on the surface. In very large buboes, espe¬ 
cially in the cervical region, the jelly-like trembling which has been 
described can easily be made out. If the cedema becomes very exten¬ 
sive the bubo may be obscured. Most patients assume the attitude best 
calculated to relieve the tension in the region of the bubo; thus, where 
the bubo is inguinal the leg is flexed at the knee and the thigh moder¬ 
ately flexed and rotated outward. 

As Muller and Poch have pointed out, the clinical classification of 
buboes differs of necessity somewhat from the classification based upon 
the pathology of the disease. 1 The pathologists distinguish primary 
buboes of the first order, primary buboes of the second order, and 
secondary buboes, the firat group including the buboes appearing in the 


See Dr. Flexner’a report. 
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glands nearest the site of inoculation, the second group including the 
buboes formed by extension of the bacilli directly through the lymphatics 
from the primary bubo to a second adjacent group of lymph glands, 
and the third group including buboes arising through the deposition of 
bacilli from the circulating blood in lymph glandB in any part of the 
body. Clinically, it may be very difficult or impossible to distinguish 
primary buboes of the second order from secondary buboes. We are 
reddced to distinguishing the “clinically primary” bubo from the 
“symptomatic” bubo. The clinically primary bubo is nearly always 
a primary bubo of the first order. The symptomatic buboes may be 
primary buboes of the second order or true secondary buboes. 

In a suspected case of plague it is necessary to search widely for a 
primary bubo. If it is not easily found, one should examine every 
part of the body in which lymph glands are situated before concluding 
that no primary bubo is present. It is probable that there are some 
primary buboes too small to be recognized clinically, though it is more 
likely that in many instances the smaller buboes which could have been 
detected by careful search have been overlooked. In the bubonic form 
death occurs usually in from four to six days. In San Francisco we 
got histories of a much longer duration in several cases. Where the 
disease is prolonged suppuration may occur. A striking feature of the 
disease is the absence of lymphangitis between the Bite of inoculation 
and the lymph gland attacked. It is rare that one can make out the 
point of entrance of the virus, though occasionally a vesicle or a pustule 
exists, the so-called primary skin lesion in the bubonic form of the 
disease. 

The inguinal type of glandular plague was much more common in 
Sau Francisco than the axillary and cervical types, and this is in accord 
with geueral experience. As an example of typical inguinal bubonic 
plague, the following instance may be cited: 

Tom Shorn, male, aged fifty-one years, actor in Chinese theatre; 
room above theatre at 814 Washington Street, near room of late Chun 
Ah Chou (see death 26). This man was reported as ill to the Six Com¬ 
panies, and was examined clinically on Friday, February 8th, by the 
writer, who obtained the following history: The man had been act¬ 
ing in the theatre about two weeks before, although it had been stated 
that he had not been very well for from six to seven months previously, 
pn February 4th he became seriously ill with fever and delirium. 
There had been some vomiting. The urine, as observed by the attend¬ 
ant, was described as brandy colored. He had a Chinese doctor in 
attendance, and his friends had not considered him ill enough to make 
a report to the Six Companies worth while. The man smoked about 
fifty cents’ worth of opium daily. On clinical examination the patient 
was found lying upon his back in bed, with legs drawn up; he was in a 
state of semi-stupor. His pulse was 108, quick, rather full, but of low 
tension. The skin was hot and dry; respiration 20 to the minute. 
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The face had an anxious expression; the tongue was coated in the 
middle. There was no palpable enlargement of the glands of the neck 
or axilla, but in the right groin several slightly enlarged glands could 
be distinctly felt, and the patient, though his mind was partially clouded, 
winced decidedly when either groin was palpated. It was evident that 
the glands were quite tender. In the absence of urethral discharge, 
chancre, or evidence of local irritation in the lower extremities, the case 
was, on account of the local and general phenomena, regarded as one 
of plague. The skin was cleansed and a sterilized hypodermic needle 
introduced into the groin. A few drops of bloody fluid were with¬ 
drawn, presumably from one of the enlarged glands. It was difficult 
to be sure of this, however, as the patient could not be kept quiet while 
the needle was being inserted. No colonies of plague bacilli developed 
in the inoculated tube. The necropsy, subsequently made, indicated 
that the needle had failed to enter an enlarged gland. 

The patient was seen on the following day, when his condition showed 
no change for the better. The pulse was 136 and feebler, the patient 
seemed in general weaker, and an unfavorable prognosis was made. 
The patient’s friends were told that an injection of Yersin’s serum 
offered the best chances for recovery, though they were also told that 
not much could be hoped from any treatment in the stage of the disease 
in which the patient then was. The offer was refused. The man died 
on February 10th, the next day. 

The dead body was inspected on the morning of February 11th. 
The body was in a state of firm rigor mortis, the limbs being strongly 
flexed. On breaking down the rigor mortis and palpating the glands 
in the groin, it was difficult to say positively that there was any enlarge¬ 
ment of the lymphatic glands In view of the enlargement distinctly 
made out during life and the clinical picture which had been observed, 
the death was believed to be one due to plague, and a pathological and 
bacteriological examination undertaken. 

At autopsy there was a slight swelling in the right inguino-femoral 
region, which, on incision, revealed slightly cedematous subcutaneous 
tissue, with slight enlargement of the glands. The largest gland was 
the size of a filbert, and its surface was dark and hemorrhagic; on sec¬ 
tion, it presented distinct hemorrhages; other glands were swollen, soft, 
juicy, and hemorrhagic. The spleen was enlarged, soft, and friable. 
The examination of the groin showed that the hypodermic puncture 
made for the withdrawal of fluid for diagnostic purposes during life 
had failed to enter a lymph gland. 

Cover-slip3 from the spleen and glands showed large numbers of 
bacilli having the characteristic properties of the B. pestis. 

Sometimes these inguinal cases are associated with a marked hemor¬ 
rhagic diathesis. This existed in the case of W. M., 1 who died on 
August 11,1900. 

M. was a white mau, aged thirty-four years, who on August 7, 1901, 
complained of pain and slight swelling of the right groin, followed 
by nausea, general roreness, headache, and vomiting. He had albumin 
in urine, his temperature was 100°, pulse 100, and tne bubo in the right 


» See Dr. Kellogg's report. 
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femoral region became rather painful. Died on August 11th. Autopsy 
by Prof. Taylor. Two enlarged lymph glands were found in the right 
groin. These were hemorrhagic, but not purulent. The femoral glands 
were also enlarged. The plague bacillus was present in smears made 
from the glands, and animals inoculated therefrom died with typical 
plague lesions. The mesentery was mottled with hemorrhages. The 
walls of the stomach were markedly injected, and there were submucous 
hemorrhages in this organ. The spleen was very friable. Extensive 
hemorrhages were found about the pancreas, in its substance, and in 
the lesser peritoneal cavity. There was no fat necrosis. 

Axillary buboes were not met with during the stay of the commission 
in San Francisco, nor do they appear to have been seen by San Fran¬ 
cisco clinicians. In view of the experience in India and China, where 
axillary buboes are much more common than cervical buboes, it would 
seem possible that the axillary buboes, possibly of small size, had been 
overlooked in some cases in San Francisco. Axillary buboes are, how¬ 
ever, more common in women than in men, and the small number of 
women in San Francisco may have had something to do with the 
non-discovery of axillary buboes. 

Cervical buboes come next in frequency. They are usually very 
large and painful. The oedema is extensive, and there is often difficulty 
in swallowing. A typical case was seen by the Commission on Feb¬ 
ruary 12th: 

Ung Ah Buck, aged forty-five years, found dead at Wing Hai’s 
undertaking establishment, on Sacramento Street. This man had been 
Eeen alive and examined by the writer on the previous day, who diag¬ 
nosed the case, infra vitam , as one of cervical bubonic plague. When 
seen alive he was in a room upstairs in the rear of 921 i Dupont Street, 
opposite St. Louis alley. The man was sitting up, but looked extremely 
ill. His face was pale, cyanotic, and anxious-looking. His voice was 
very feeble, but his intelligence seemed almost unclouded, and he was 
able to carry on a conversation, though with difficulty, with the inter¬ 
preter. The friends stated that he had at times wandered in his talk. 
He was under the care of Dr. Mather. The patient stated that he had 
been ill for two weeks. His neck had been swollen for one week, and 
he regarded the condition as quinsy. W ith the aid of a tongue depressor 
the throat was examined. The fauces were swollen and reddened, the 
swelling being very marked in the left side. The left palatine tonsil 
was much enlarged and showed on its surface a grayish-white patch the 
size of a dime. The reddening in the throat was general, and there 
was less local injection than one ordinarily sees in diphtheria. The left 
side of the neck was brownish-yellow, having been painted over with a 
solution of iodine. On inspection and palpation marked bulging was 
found. This seemed to be due to enlargement of the cervical lymphatic 
glands. The case was diagnosed as one of plague, with cervical bubo. 
The man died the next day, and a complete autopsy was made by Dr. 
Flexner. The pathological examination showed typical lesions of 
plague, and the bacteriological examination made by Dr. Novy demon¬ 
strated the presence of B. pestis. 
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Autopsy, February 12th at noon, at the undertaking shop of Wing 
Hai, by Dr. Flexner, Drs. Novy, Barker, Kellogg, and Wilson being 
present. The left side of the face and neck presented a marked diffuse 
swelling, extending from the angle of the jaw backward to the sterno¬ 
cleidomastoid muscle and below, almost reaching the clavicle. 

On incising this region the parotid gland was first reached; this 
organ presented a normal appearance. After dissecting away the 
parotid gland a group of greatly enlarged deep glands surrounding the 
carotid artery and jugular vein came into view. The periglandular 
tissue was infiltrated with bloody fluid and presented a sodden appear¬ 
ance. The enlarged glands and portions of the surrounding tissue were 
excised ; the former were found to be swollen (several reaching the size 
of an English walnut) and to be wholly altered in appearance and con¬ 
sistence. In color they were deep purplish, and on incision a hemor¬ 
rhagic fluid exuded. Opaque points of necrosis were also present. 

The general subcutaneous fat was well developed; there was no gen¬ 
eral oedema. Peritoneum appeared smooth and glistening; there was 
no excess of fluid in abdominal cavity, and the abdominal glands were 
not noticeably swollen. The spleen was enlarged to fully twice its 
normal size; it presented a purplish color, and its consistence was dimin¬ 
ished. The pleural cavities were dry. The lungs retracted moderately 
upon removal of the sternum. The lower Jobes of the lungs were con¬ 
gested, but no consolidation was made out. No other abnormality was 
observed in the body. 

The organs and tissues removed at this necropsy, consisting of the 
enlarged cervical glands and spleen, were taken to the laboratory, 
where cover-slips, cultures, and animal inoculations were made. 

The cover-slips from the spleen showed large numbers of a bacillus 
having the morphology and staining properties of the B. pestis. The 
cover-slips from the glands differed in their appearance. In some in¬ 
stances there were present large numbers of bacilli similar to those in 
the spleen, together with a few diplococci or short chains of cocci. 
Other cover-slips showed, beside the organisms mentioned, a bacillus 
having the morphology of the B. diphtheria. Animals inoculated died 
with typical plague lesions, and pure cultures of the B. pestis were 
obtained from them. 

Cubital and popliteal buboes were not met with in San Francisco. 

Symptomatic buboes were seen in several cases. On autopsy these 
proved to be in some instances primary buboes of the second order, in 
other instances true secondary buboes. 


The Septicemic Cases. 

The more one studies plague the more he is impressed with the 
resemblance of plague infections to those which occur in anthrax. It 
has been doubted by some, among them no less acute an observer than 
Muller, whether primary plague septicemia occurs without any primary 
bubo. It is easy to say when no primary bubo is found in a case of 
plague septicemia that the pathologist has overlooked the primary 
bubo at autopsy, but autopsies have been made by very careful path- 
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ologists in which no definite primary bubo could be made out. And it 
would seem that we are as much justified in assuming the existence of a 
primary plague septicaemia as of any other form of primary septicaemia. 
Terminal plague septicaemia in fatal cases of the bubonic form, and 
probably of other local forms of disease, is far more common. Between 
a plague septicaemia, primary from the first, and the terminal plague 
septicaemia secondary to primarily localized plague infections, various 
transition forms are met with. 

Primary Plague Septicemia. One can think of the bacillus 
getting into the blood in cases of primary plague septicaemia in various 
ways. When a human being or an animal is extremely susceptible it is 
conceivable that the bacillus could enter through the skin and pass 
through the lymph glands, and so into the blood without setting up a 
primary bubo. In the same wa^ it could enter through the conjunc¬ 
tiva or other exposed mucous membranes. It is possible that entrance 
could occur from the respiratory tract without setting up local pul¬ 
monary lesions other than a mild bronchial catarrh, and, finally, direct 
infection of the blood through the bites of insects may be thought of. 

In primary plague septicaemia the clinician has to deal with the 
phenomena of general septic infection; the fever is high, the pulse is 
frequent and feeble; there may be delirium and coma. A splenic 
tumor rapidly develops, and is often associated with acute pain in the 
left side. There is tenderness over all the lymph glandB of the body. 
Frequently there are hemorrhages into the skin or from the mucous 
membranes of the lungs, stomach, intestines, or urinary passages. In 
such cases the bacilli can frequently be found in cover-slips made from 
the blood; cultures from the blood are, however, more reliable for the 
discovery of the bacilli, and animals inoculated with a few cubic centi¬ 
metres of blood die with typical lesions of plague. These primary 
septicsemic cases include many of the frightfully acute infections met 
with in large epidemics; death may occur in from one to three days 
from the time the patient is first attacked or even after the lapse of a 
few hours. 

In San Francisco a white nurse died of what appears to have been 
this form of the disease. She was taken suddenly ill, complaining of 
severe pain all over tfie body. Her temperature was 40° C., pulse 
104, respiration 33. There were hemorrhages from the urinary pas¬ 
sages and the sputum was bloodstained. Hemorrhagic petechiae were 
found about the elbows and ankles. She died in the hospital, and an 
autopsy was made by Dr. Harold Bruhn. The inguinal glands were 
slightly but not markedly enlarged. The axillary and cervical glands 
were not large. There was some free blood in the pelvic peritoneal 
cavity. In the mesentery the glands were slightly enlarged. No pul¬ 
monary lesions were found. The spleen was enlarged and softened. 
There were subperitoneal hemorrhages, and submucous hemorrhages in 
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the intestine. The pathological diagnosis was septicjemiu.with ten¬ 
dency toward minute hemorrhages in the tissue. Bacteriological exam¬ 
ination proved that the blood was full of bacilli of plague, and there 
were enormous numbers of the plague bacilli in the spleen. 

Secondary Plague Septicemia. It seems likely that in nearly 
all cases of bubonic plague at least a few bacteria get over into the 
blood. It is these which account for the true secondary buboes which 
are regarded by the pathologists as being embolic in origin. In many 
of the fatal cases of bubonic plague the bacteria go over into the blood 
and multiply in great numbers, so that the blood and spleen at death 
and shortly before contain large numbers of the plague bacilli. In 
cases of the bubonic form of the disease which recover it may be that 
such a general bactermmia does not occur, the process remaining essen¬ 
tially localized to the primary buboes,*or, if a few bacilli get over into 
the blood, they are filtered out by the organs, and give rise to either 
secondary buboes or to no noticeable phenomena. 

Plague Pneumonia. 

Primary plague pneumonia is to be distinguished from the secondary 
pneumonias which occur in the course of other forms of infection with 
plague. By primary plague pneumonia is understood that form in 
which the bacillus gains entrance to the body through the respiratory 
tract, and sets up a definite primary pneumonia, usually lobular, but 
sometimes pseudolobar in form. 

Under the term secondary plague pneumonia are to be included: 

(а) Pneumonia due to embolic infection of the lungs with plague 
bacilli in cases of bubonic plague or plague septicaemia. 

(б) Ordinary bronchopneumonias complicating plague as they do 

other grave infections— e. g. t aspiration pneumonia and the like. The 
bronchopneumonias of this group are most often due to infection with 
the streptococcus or the micrococcus lanceolatus. Occasionally an 
aspiration pneumonia^complicnting plague is due to the plague bacillus 
itself. This is particularly apt to occur if there be ulcerated tonsillar 
buboes. ; 

The only case of primary plague pneumonia recorded in San Fran¬ 
cisco occurred before the visit of the Commission. It is Case No. 20 of 
Dr. Kellogg’s series, a Chinese child, aged nine years, who died on 
November 1, 1900, at 802 Dupont Street. 

In some epidemics primary plague pneumonia is the prevailing form 
of the disease. This appears to have been the case in the Black Death 
which spread over Europe in the fourteenth century, and also in the 
Pali-pest in 1836. Plague pneumonia is undoubtedly frequently over¬ 
looked during the course of an epidemic. 
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It is to Childe, of Bombay, that we owe the establishment of primary 
plague pneumonia as a definite clinical and pathological entity. The 
patient is taken suddenly ill with a chill, stitch in the side, severe 
headache, and high fever. The clinical phenomena of a grave pneu¬ 
monia develop. The respirations are increased from 50 to 80 per 
minute, and signs of consolidation appear. The pulse is frequent and 
soon becomes very feeble. An acute splenic tumor can be made out. 
There may be sensitiveness in the region of the various lymph glands 
of the body. The typical rusty sputum of ordinary croupous pneu¬ 
monia is but seldom met with. Instead the sputum is actually bloody 
(haemoptysis) and may be copious in amount. There is usually extreme 
dyspnoea and marked cyanosis. 

Nearly all cases of plague pneumonia are fatal, death occurring 
usually in from one to five days. The duration of the disease may, 
however, be even longer. During the Black Death it does not appear 
to have averaged more than two days. 

Cutaneous Plague. 

Though its existence by some has been denied, it seems clear that 
•primary infection of the skin with the plague bacillus is a recognizable 
form of the disease. The analogy with anthrax here again becomes 
evident. The cutaneous lesions take the form of vesicles, pustules, or 
carbuncles. 

When the lesions of the skin are secondary they are usually situated 
over buboes, and the extensiou to the skin would seem to be directly by 
way of the lymphatics from the lymph glands. Embolic infections of 
the skin may be thought of, but from what we know of the cutaneous 
bloodvessels they are probably rare. 

Primary infections of the skin are certainly very unusual, their 
absence and the absence of lymphangitis between the point of entrance 
of the bacilli and the first lymph glands to be infected being character¬ 
istic features in the majority of the cases of the disease. A judgment 
as to the primary or secondary nature of a furuncle or carbuncle has 
to be based upon the time of its appearance. If it is among the first 
signs to develop, it may be regarded as a primary lesion; if it appear 
sometime after the onset of’the symptoms, it must be looked upon as of 
secondary occurrence. 

Mild Plague or So-called Pesiis Minor. 

At the beginning and end of large epidemics it is common to find num¬ 
bers of cases of plague which are so mild that they cause the patients 
but little inconvenience; probably in many instances mild cases pass 
unrecognized. The severity of cases in any given epidemic appears to 
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conform to a curve. The mild cases in the beginning give place 
gradually to more and more severe infections until at the acme of the 
epidemic the most violent septicemic and acutely fatal cases are met with. 
This stage is followed by a decline in severity until finally the epidemic 
dies out in a series of mild ambulatory cases. The great importance of 
these mild cases of plague for the spreading of the disease is obvious. 
Since the bacilli are given off through the urine and feces an ambula¬ 
tory case may spread the germs of the disease far and wide. Occasion¬ 
ally an individual who presents what is apparently a mild form of the 
disease in its early stages may later become very ill. For example, in 
San Francisco during the visit of the commission one of the fatal cases 
observed was not considered, very ill by his friends in the early part of 
his attack. Indeed, he walked about and took food with his com¬ 
panions for several days, and it was only shortly before his death that 
the grave nature of the malady was realized. 

There is room for much bacteriological work upon the epidemics of 
so-called pestis minor. There have been epidemics described in which 
as many as two hundred cases of the disease have occurred without a 
death. One naturally asks the question with regard to such, epidemics, 
Are we dealing here with true bubonic plague or with some other dis¬ 
ease? Bacteriological examination can alone settle the diagnosis in 
such instances. 

Epidemics of so-called “ climatic buboes” have been described by 
various authors (Ruge, Godding, Skinner, Nagel). The exact nature 
of these climatic buboes is not clear. While some authorities (Cantlie) 
assume that the disease is an example of a mild, non-fatal infection 
with the bacillus pestis, there are others (Godding, Scheube) who are 
just as positive that the disease is essentially different from plague. 
Here, again, we are in urgent need of bacteriological study* It alone 
will settle this mooted question. 

In San Francisco, among the physicians who have been in practice 
there for some time, great stress was laid upon the “ glandular swell¬ 
ings ” occurring among the Chinese. It was asserted by some of the 
most experienced physicians in that city that such glandular swellings 
had been occurring among the Asiatic inhabitants for no less than 
thirty years. These physicians were convinced that the cases which 
were proved by bacteriological examination to be plague were precisely 
the same as those of glandular swelling observed in earlier years. In 
the absence of pathological and bacteriological examination of cases of 
so-called “glandular swelling” of the earlier days, it must for the 
present remain undecided what the nature of those cases really was. 
Of one thing there can no longer be any doubt—the * ‘ glandular swell¬ 
ings” occurring among the Chinese in San Francisco in February, 
1901, are instances of true infections with the bacillus of bubonic plague. 
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In all the infections resembling mild cases of plague the importance 
of bacteriological and pathological examination for the establishment 
of the diagnosis is clear. With the help of the naked eye, the micro¬ 
scopical appearance of the lymph glands affected, and of cover-slips, 
cultures, and animal experiments from the diseased glands, there can 
be no difficulty whatever nowadays in distinguishing true plague from 
any other affection. 

The Diagnosis of Plague. 

In the diagnosis of this disease one will naturally be influenced as to 
the methods he will pursue by the circumstances under which he is 
working. If he is to decide as to the nature of the first suspected case 
in a place where the disease has not hitherto been known to exist, he 
will be very much more cautious in coming to a conclusion than where 
he has to pass judgment upon a suspected case in a region in which 
plague cases are known to be daily occurring. For no conscientious 
physician will impose upon a community the restrictions as regards 
travel or the inconveniences and financial loss to commercial interests 
which the positive diagnosis of plague and the public announcement 
thereof in a large centre entails unless he is absolutely sure of his 
ground. 

The desirability of coming quickly to an absolutely certain conclu¬ 
sion in a first suspected case cannot be too strongly emphasized. It is 
of the greatest importance if plague is breaking out in a community to 
establish this fact beyond any possibility of question. Owing to the 
slowness with which plague tends to spread after itB first appearance in 
a place, it is comparatively easy to stamp it out in the bud or limit the 
spread to a small focus if the very first case be recognized and the 
proper measures for the prevention of its spread be undertaken. Then, 
too, it is only when the people of the community are convinced of the 
presence of a disease which is capable of giving rise to a grave form of 
epidemic that they will bestir themselves to employ the proper means 
for the prevention of its spread and for its utter extermination. 

In San Francisco the disease was recognized in March, 1900, and its 
true nature fully established by competent pathologists and bacteriol¬ 
ogists. Whether any or l\ow many cases of plague occurred in San 
Francisco before this date must remain in doubt. The medical men of 
the city who had had a training in pathology and bacteriology, or who 
had learned to have confidence in the results of pathological and bac¬ 
teriological work, with a few notable exceptions, concurred in the diag¬ 
nosis and urged the public to take the appropriate measures for the 
control of the disease. Unfortunately the matter became a political 
issue. A certain number of medical men, among them several of 
prominence, denied the existence of plague, and this, together with the 
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fact that the disease did not spread to any large extent, helped to 
encourage the public in thinking that the disease was not bubonic 
plague—a belief which was heartily in accord with their hopes. 

A doubt arose in the public mind as to the possibility of making a 
certain diagnosis in a suspected case. The people were told that no 
“ living case” had been observed, and that the diagnosis rested purely 
upon pathological and bacteriological examinations. They were further 
assured that such examinations were insufficient for the making of a 
diagnosis, and the statement was circulated that bacteriology is “ as 
yet too young a science to interfere in any way with the commerce of 
a great city.” 

As a matter of fact, the modern trained physician who has had 
experience with the disease can make in a case of plague an absolutely 
positive diagnosis more easily probably than in most of the other infec¬ 
tious diseases. The diagnosis can be established beyond the shadow of a 
doubt. Naturally, when dealing with a first case the most experienced 
clinician would hesitate to pronounce upon the existence of such a 
dreaded disease in a community until he had forged a chain of evidence 
which could not admit of dispute. If he saw the case alive he would 
subject it to a very thorough clinical examination, would weigh the 
positive signs with all faithfulness, and would make every effort to 
exclude the existence of diseases which in any way resemble plague, 
before deciding that the case was one of pest. If there were buboes, 
after excluding other possible causes of their origin, he would bacterio- 
logically examine the juices extracted from them by hypodermic 
syringe. If the patient died he would examine the glands with the 
naked eye and microscopically, and would make a complete bacterio¬ 
logical examination of these glands, including animal inoculations. 

It is not necessary to have a “ living case ” before one in order to 
establish the existence of plague in a city. The pathological appear¬ 
ances in themselves are absolutely characteristic in the majority of 
cases, and the bacteriological examination alone will suffice, if it be 
positive, for a decision. Fortunate we are that bacteriology, though a 
young science, has placed in our hands the means of becoming sure 
whether or not we have among us a disease of such dreadful possibil¬ 
ities as bubonic plague! 

It is important, if possible, that men who have had experience with 
the disease be called upon to give a decision in a suspected outbreak. 
Aside from the confidence which the public would repose in the diag¬ 
nosis under such circumstances, it is undoubtedly true that actual first¬ 
hand knowledge of the disease, clinically, pathologically, and bacterio- 
logically, goes far to make conclusion in a given case quick and easy. 
The German Government, recognizing this fact, has arranged for 
definite plague courses at certain of the bacteriological institutes, where 
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men may be prepared for the special study of the disease. When a 
suspected case is reported from any source, plague experts with special 
plague bacteriological outfits are sent at once to the place, and their 
report is accepted as final and acted upon immediately. 

A large part of the difficulty in San Francisco was due to the non¬ 
education of the public and of a portion of the profession with regard 
to plague matters. As knowledge of plague has increased eo rapidly 
during the past two or three years, and has been go greatly modified 
during the same period, it is not strange that erroneous views have 
been and are still in most places prevalent. The idea appears to be 
very general that if plague once starts in a place it will spread rapidly in 
the form of a violent epidemic, leading within a very short time to hun¬ 
dreds or even thousands of deaths. Nothing could be further from the 
truth. It is rare that plague spreads rapidly after the appearance of 
the first case; it would appear to be only after the rats of the place 
have become infected that, as a rule, a large outbreak occurs. 

The diagnosis in March was made by competent men connected with 
the City Board of Health and the Marine Hospital Service, and was 
backed up by the opinion of the professors of pathology and bac¬ 
teriology in the two best medical schools of San Francisco and by 
several of the prominent clinicians. The people of the city and State 
ran a needless risk in not trusting more fully the conclusions arrived 
at by the scientific men in their midst. 

As a matter of fact, nearly all epidemics of plague begin with cases 
of the bubonic or glandular form, and this is, fortunately, the form 
which is most easily diagnosed. If one meets with a number of cases 
with buboes, occurring in the absence of venereal infection, and asso¬ 
ciated with severe general symptoms, some of the cases terminating 
fatally, he may, especially if he be dealing with Asiatic peoples, be 
almost certain that he has to do with an outbreak of bubonic plague. 
One may now and then meet with a septic case without buboes, but, as 
far as is known, when septicaanic cases are occurring in a place there 
are always at the same time other cases with buboes. 

In all doubtful cases, and especially where one is dealing with a first 
case, a thorough bacteriological examination should be made. This 
should include a study of the juice from a bubo, if one be present, the 
sputum, the blood, the splenic juice, the urine, material from skin 
lesions, and, should there still be doubt, the feces. Cover-slip prep¬ 
arations, cultures, and animal experiments are to be resorted to. It 
is Dr. Novy’s province to deal with the bacteriological examinations in 
detail, and I shall, therefore, not enter into the methods here. It is to 
be remembered that a positive result is of greater significance for diag¬ 
nosis than a negative one. If no bacilli are obtained from the juice of 
a suspected bubo one should not stop with the first trial, but should 
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make repeated examinations until the case is clear. Where the disease 
iB epidemic it is unnecessary, in the majority of instances, for diagnostic 
purposes to go beyond the cover-slip preparation of the juice of a 
bubo. If this is positive as regards the presence of the plague bacillus, 
one need go no further. He who is familiar with the clinical symp¬ 
toms of plague and with the appearance of the plague bacillus under 
the microscope, will not require to make cultures or animal experiments 
if, in connection with suspicious clinical symptoms, he finds great 
numbers of the characteristic bacilli in his cover-slip preparations 
made from the juice of a bubo. If there be any difficulty as to the 
diagnosis, cultures, and especially inoculation of guinea-pigs, will 
remove all doubt. 

The serum reaction in plague would seem to be of but little value for 
diagnosis except, possibly, to indicate that an individual has had plague 
at some time previously, for during the first week of the disease, accord¬ 
ing to Zabolotny, a positive agglutinating reaction is not obtainable. 
Since in the majority of fatal cases death occurs from the fourth to the 
sixth day, the uselessness of the reaction for diagnostic purposes is 
obvious. 

Plague may be confused in certain instances with malaria, typhoid 
fever, relapsing fever, venereal buboes, and other forms of adenitis. 
Mistakes are not likely to be made, however, if clinicians resort in every 
case they examine to a thorough routine clinical study of all the 
features presented. If malaria exists, the parasites should be found in 
the blood. If the case is one of typhoid fever, in the majority of 
instances the Widal reaction will be positive. If it is one of relapsing 
fever, the spirocheUe may be observed microscopically. It is to be 
remembered that there may be cases of combined infection—malaria 
with plague, and plague with relapsing fever. The writer was shown 
such cases in the Arthur Road Hospital in Bombay. In the same 
hospital, Khan Bahadur Dr. Choksey showed Dr. Flint and myself a 
form of plague in which there was an associated parotiditis, the plague 
bacillus probably entering the gland through the ductus parotideus. If 
there are venereal buboes, the size, resistance, and character of the 
tenderness of the enlargement will easily distinguish them from those 
met with in plague, and, further, in most instances, an initial venereal 
lesion will be discoverable. In all cases, including the various kinds 
of adenitis, the chief reliance must be placed upon the bacteriological 
examination of the lymph glands and of the blood from the spleen. 

An infection with anthrax might be confounded with the cutaneous 
form of the plague, but here, again, the bacteriological examination, 
even of cover-slips, would suffice to differentiate the two diseases. 

Plague pneumonia should not be confounded with croupous pneu¬ 
monia. The sputum is decisive. It consists ^in plague pneumonia 
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almost entirely of blood and plague bacilli. Microscopical examination 
of a cover-slip properly stained in carbol-thionin will reveal typical 
bipolar staining plague bacilli in enormous numbers. If the plague 
bacilli are few in number, or are mixed with other bacterial forms so 
that there is doubt with regard to its presence, a guinea-pig should be 
inoculated. It is emphasized by Childe that herpes is never present in 
a plague pneumonia. 

If the first case seen is a septicemic case it is very likely to go 
unrecognized until after death. The hemorrhages and phenomena of 
general sepsis in the absence of apparent cause will then excite sus¬ 
picion, and the bacteriological examination will make the case clear. 
Nowadays, when cultures from the blood, intra viiam, are so often 
resorted to by clinicians for purposes of diagnosis in cases of general 
sepsis, we may hope for the discovery of plague septicaemia even in a 
first case during life. 

Dengue fever, prevalent in certain districts, might, on account of 
the general tenderness over the lymph glands, be confounded with 
plague, but the characteristic exanthem and the mild course of the dis¬ 
ease will usually permit one to recognize it even before a bacteriological 
examination has been undertaken to establish the absence or presence 
of the plague bacilli. 

It must be borne in mind that the peoples among which plague 
occurs in epidemics live under such conditions that careful clinical and 
pathological examinations can be made only with considerable diffi¬ 
culty. Practice among the Chinese or among the Hindoos has, perforce, 
to be carried on in a much les3 satisfactory way than among Europeans 
or Americans. Where plague cases are actually known to be occurring 
in an Asiatic population the only safe method to pursue is to assume 
every case of fever among the living to be one of infection with plague 
until it is proved to be something else, and to regard every dead body 
as a plague cadaver until pathological and bacteriological examinations 
(including the inoculation of a susceptible animal) have demonstrated 
the absence of the plague bacillus. 

Treatment. As to therapy there is but little to be said. The 
only remedy available in which any confidence is to be placed is the 
pest-serum of Yersin-Roux. The results obtained with Roux’s 6erum 
at Oporto were very encouraging. Should the writer develop the dis¬ 
ease he would wish to have this serum administered hypodermically 
in large quantities. Outside of the serum-therapy the treatment is 
wholly symptomatic. 

As a prophylactic measure, Haffkine’s inoculation is best for indi¬ 
vidual protection, though immunity for short periods appears to be 
afforded by injection of Roux’s serum. 
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THE PATHOLOGY OF BUBONIC PLAGUE . 1 

By Simon Flexner, M.D., 

PROFESSOR OF PATHOLOGY, UNIVERSITY OF PENNSYLVANIA. 

{From the Pathological Laboratory of the University of Pennsylvania.) 

My acquaintance with the bubonic plague dates from a visit to 
Hong Kong, made in the spring of the year 1899 while a member of 
the Commission sent by the Johns Hopkins University to study the 
diseases of the Philippine Islands. While engaged in outfitting in 
Hong Kong opportunity was afforded the Commission, by the courtesy 
of Dr. Lowson, the civil physician in charge of the Kennedy-town 
isolation hospital and the mortuary, to inspect those ill of plague and 
to witness and conduct post-mortem examinations upon those dead of 
the disease. During this peiiod the several known varieties of the 
plague were observed. Bacteriological examinations were conducted 
and a small collection of pathological material made. 

No especial use was made of the tissues collected in Hong Kong until 
recently, when, as a member of the National Commission 5 appointed 
to investigate the plague in San Francisco, another opportunity was 
obtained to study the disease and collect a supply of material. The 
study of this combined material, together with a record of observations 
upon the general pathology of the disease as presented especially in 
San Francisco, will form the basis of the present paper. 

The epidemic of San Francisco is not traceable directly in a continu¬ 
ous chain of instances to any previous epidemic. The first case discov¬ 
ered in San Francisco, in March, 1909, was accidentally met with, and 
could not be connected with any previous example or precise infected 
locality. And yet the fact that the victim was a Chinaman places, 
with great probability, the source of infection in the Chinese epidemic 
which has continued without interruption for the past six or seven 
years. 

The Chinese of San Francisco, as of this country generally, are Can¬ 
tonese, who embark at Hong Kong for America. Although no new 
importation of Chinese into the United States is known to be taking 
place at this time, yet the constant travel kept up by those who return 
for a period to China maintains a continuous communication between 
our western shores and the southern part of the Chinese Empire. The 
shipments of food-stuffs, wearing apparel, and objects of art from Hong 

1 Baaed on remarks made before the Association of American Physicians, Washington, 
May 1,1901. 

* The Commission was authorized by the Secretary of the Treasury, and consisted of Pro¬ 
fessors L. F. Barker, F. G. Kovy, and myself 
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Kong to America are constant, and constitute another bond of tangible 
connection between the two countries. 

The first authentic account 1 of the appearance of plague in Europe is 
the great epidemic known as the Plague of Justinian, which in a.d. 542, 
starting from Egypt, spread to Europe and all over the Roman Empire, 
and which, lasting for fifty or sixty years, wrought the most frightful 
devastation. From that time until 1841, when the plague appeared 
for the last time in Constantinople, it recurred again and again in 
different parts of Europe, though latterly only in the southeastern parts 
of the Continent and in areas becoming gradually more circumscribed. 
In 1878 and 1879 a small epidemic, which speedily died out, broke out 
in the Russian province of Astrakan. With the latter exception and 
the recent limited epidemic in Oporto and Glasgow, Europe has long 
enjoyed exemption from the plague. America had never been visited 
until the recent appearance at Santos, Brazil, and the Argentine, and 
at San Francisco. 

The mode of spread to America can best be followed by a considera¬ 
tion of the progress of the recent epidemics in Egypt, India, and China. 
Egypt, until 1899, had been exempt from plague since 1844, although 
several epidemics have since the latter date occurred in its neighbor¬ 
hood—in Tripoli (Benghasi), and on the Red Sea coast of Arabia 
(Assir), from 1853 to the present time. It is said to be endemic in 
Uganda and the hinterland of German East Africa (Koch). Many 
epidemics have occurred in Mesopotamia, Turkestan, India, China, and 
Mongolia. 

In India there had been several outbreaks during the nineteenth 
century, but they had been of a localized rather than of a general char¬ 
acter. Probably plague is always present in some parts of India, espe¬ 
cially among the rude hill peoples. In 1896 it appeared in Bombay, 
and, possibly, in Calcutta, having been imported to the former city, 
most likely from Hong Kong. 

It is now known that plague has been endemic in the southwest of 
China, in the province of Yunnan, for many years. It was particularly 
active in 1871 and 1873, after the great Mohammedan rebellion. From 
Yunnan, probably following the trade route, it spread to Pakhoi on 
the Gulf of Tonquin, a severe epidemic occurring in 1883 in that and 
in neighboring towns. In 1894 it had extended to Canton, where it 
killed, it is estimated, 60,000 in a population of 1,500,000 (?). Later 
in the spring of the same year it broke out in the English colony of 
Hong Kong, subsequently spreading to Macao, Swatow, Amoy, Foo¬ 
chow, Formosa, and probably many other places in the southern 

1 This historical account is abridged and but little altered from the account of Manson, 
Tropical Diseases, IflOO. 
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provinces of the Chinese Empire. Recently it has broken out in Mau¬ 
ritius, Madagascar, at Delagoa Bay and Cape Town, in South Africa; 
Osaka and Kobe, in Japan; Manila, in the Philippine Islands; 
Hawaii, in the Sandwich Islands, and, lastly, as mentioned, at San 
Francisco, in the United States. 

The evidence is complete and incontrovertible that the cause of 
plague is found in a specific bacillus discovered almost simultaneously 
by Kitasato and Yersin in the year 1894, during the prevalence of the 
epidemic in Hong Kong. The bacillus has a characteristic form; it 
exhibits a marked peculiarity in staining properties; admits easily of 
cultivation outside the body; readily and quickly undergoes involution 
upon artificial media, especially when concentrated so a3 to contain an 
increased quantity of salts ( [e. g., chloride of sodium), and also in the 
tissues after degeneration and after removal from the body or death of 
the individual, if the examination be delayed for some hours, and is 
pathogenic for a wide range of animals, causing in them similar symp¬ 
toms and lesions to those found in the natural infection in man and in 
the rat. As this paper does not pretend to deal with the purely bac¬ 
teriological aspect of the plague, a brief reference only will be made to 
the morphological character of the bacillus. 

As seen in recently affected and freshly removed tissues, in secretions 
or cultures, the bacillus of plague is a short rod, averaging 1.5 to 1.75/* 
in length and 0.5 to 0.7/* in width. The ends are rouuded and the sides 
convex, the form, therefore, approaching an oval. From the typical 
form there are two variations: one is shorter and coccoid, the other 
longer and more definitely rod form. A third variation is ovoid, in 
which oue end appears slightly thicker than the other. All the forms 
tend to exhibit bipolar staining, the mid-portion remaining unstained 
or staining more slightly. Complete and uniform staining may, how¬ 
ever, be observed. In older pathological processes, and in older 
artificial cultivations, as well as upon concentrated media, various 
degenerative forms are found. These consist of oval, ovoid, almost 
circular, bladder-like, irregularly outlined and even bizarre bodies, 
which stain with difficulty, slightly, or even not at all, or stain at the 
margins and not in the interior. A not infrequent degenerative form 
resembles a dumb-bell or dough-nut (so-called “ dougn-nuts ” of the San 
Francisco bacteriologists). 

Staining is more readily effected in films than in tissues; but in both 
it proceeds relatively slow. Gram’s method is negative. While all the 
common aniline stains can be employed for staining, the most useful 
results were obtained with carbol-thionin in weak solutions and after 
long immersion. 

The present description is based upon the study of six cases of plague 
upon which post-mortem examinations were made. Unfortunately, 
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with one exception—Case VT.—complete autopsies could not be made. 
The reasons for this deplorable fact will be found in the succeeding 
paragraphs, quoted from the official report of the Commission 1 ap¬ 
pointed by the Secretary of the Treasury for the investigation of plague 
in San Francisco: 

“ In the study of the pathology of cases of plague met with among 
the Chinese in San Francisco a number of disadvantageous circum¬ 
stances were contended with. In the first place, owing to the peculiar 
prejudices of this people—prejudices born especially of their religions 
beliefs and practices—permission for post-mortem examinations is given 
with great reluctance. The opposition to all mutilation of the bodies 
of the dead is so great that consent for necropsies was obtained only 
after assurance that the examinations would be limited strictly to the 
actual necessities for the establishment of the diagnosis of the disease. 

“ fh e aext place, there is no public mortuary in San Francisco to 
which the dead bodies were or could be carried. Such examinations 
as were made were conducted in the narrow limits of a dimly lighted 
alcove in an undertaker’s shop, or in the even worse habitations where 
the dead were found. 

Under the circumstances the post-mortem examinations left some- 
thmg to be desired on the score of completeness, although in every 
instance the important question whether death was caused by plague 
was answered definitely/’ 


The Post mortem Examinations? 

Ah Chou^ actor, aged forty-four years, died February 
5th m Washington Street Theatre. Body well nourished, two or three 
dark-bluish spots on legs (possibly hemorrhages). On palpation of 
neck, axill®, and groins some enlargement of the lymphatic glands of 
the groin was made out, though nothing corresponding to an outspoken 
bubo was visible. Incisions were marie in each groin, extending from 
Pouparts ligament about one-third the length of the thigh. The tissues 
on the left side were swollen and cedematous; the cedeina was sero¬ 
hemorrhagic in character, and the lymphatic glands were hemorrhagic 
and greatly swollen. On the right side the (edema was less marked, 
and the glands, while distinctly enlarged and reddened, were less altered 
than those on the left side. Sections of the glands showed them to be 
uniformly hemorrhagic and’swollen, and to contain frequent necroses 
visible to the naked eye. 

The spleen was fully twice the normal size. It was softer than nor- 
mal the capsule was wrinkled, and the color deepened. 

Ihe examination of films from the glands, periglandular tissues, and 
spleen showed large numbers of bacilli decolorizing by Gram’s method 

1 Report orthe Commission appointed by the Secrelayy oftheTreasury for the lnyesUgaUon 

%£?££££? “° der " utn,CUo, “ fr ™ lhe h£2uS 

- Free use has been made of the records of cases In the official report. 
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and presenting the morphology of B. pestis. Cultures and inoculations 
of guinea-pigs were also made. 

Case iL—Lum Hong Yuen, cook and waiter in Chinese theatre. 
Illness of three weeks’ duration. Said to have quit work on account of 
chancre and bubo three weeks before death. Four or five weeks prior 
to death he is said to have had a chill. On inspection of the body no 
evidence of a chancre could be found. In the inguino-femoral region 
a large mass of swollen, conglomerated lymphatic glands could be felt. 
Upon incision of the right groin from Poupart’s ligament to the begin¬ 
ning of the middle third of the thigh serohemorrhagic periglandular 
cedema and uniformly enlarged and reddened glands were found. The 
amount of fluid was considerable, although there was eulargement of 
all the glands, some of them reached to the size of a horse-chestnut. 
On section these were of a deep red color and soft consistence. Necroses 
were present. 

The spleen was enlarged to fully double the normal size; it was 
softened and of a deep bluish-red color. 

Films from the glands and spleen showed large numbers of bacilli 
having the morphology and staining properties of B. pestis. Cultures 
and animal inoculations were made. 

Case III.—Wong Chi Lui, cigarmaker, aged forty-five years. Ill¬ 
ness of two weeks. Complained of fever, loss of appetite, and general 
uneasiness. There had been pain in the groin and lower abdomen, for 
which a Chinese doctor had applied a plaster of honey and salve. No 
history of venereal disease. For three or four days prior to death the 
man was unconscious. On inspection and palpation a large mass of 
swollen glands was discovered in the left inguino-femoral region. On 
incision eularged glands were revealed about the saphenous opening 
and in the groin. The largest gland had the size of au English walnut, 
and was of a dark reddish-brown color; it was soft and juicy in consist¬ 
ence, and mottled with hemorrhages and with grayish-white patches of 
necroses. The less swollen glands were markedly injected and con¬ 
tained hemorrhages. The periglandular tissue was very cedematous, 
fluid running freely from the incision. 

The spleen was about twice the normal size, soft, and friable. 

Films from the glands and spleen showed bacilli presenting all the 
properties of B. pestis. Cultures and animal inoculations as usual. 

Case IV.—Tom Shorn, male, aged fifty-one years, actor in Chinese 
theatre. Had been acting in the theatre two weeks before, although 
it had been stated that he had not been well for from six to seven 
months previously. On February 4th he became seriously ill with fever 
and delirium. There had been some vomiting. On clinical examina¬ 
tion, February 8th (Dr. Barker), the patient* was found lying upon his 
back in bed, with legs drawn up. He was in a state of semi-stupor; 
pulse 108, quick, rather full, but of low tension. The skin was hot and 
dry. Respiration 20 to the minute. The face had an anxious expres¬ 
sion. There was no palpable enlargement of the glands of the neck and 
axillae, but in the right groin several enlarged glands could be distinctly 
felt, and tenderness existed. Died on February 10th. Examination 
at necropsy showed a slight swelling in the right inguino-femoral region 
which, on incision, revealed slightly cedematous subcutaneous tissue, 
with slight enlargement of the glands. The largest gland was the size 
of a filbert, and its surface was dark and hemorrhagic. On section it 
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presented distinct hemorrhages. Other glands were swollen, soft, 
juicy, and hemorrhagic. 

The spleen was enlarged, soft, and friable. 

Films from the spleen and glands showed large numbers of bacilli 
having the characteristic properties of B. pestis. Cultures and animal 
inoculations were made. 

Case V.—TTng Ah Buck, aged forty-five years. The day before 
his death this man was seen alive and examined by Dr. Barker, who 
diagnosed the case, intra vitam, as one of cervical bubonic plague. The 
patient stated that he had been ill for two weeks. His neck had been 
swollen for one week, and the condition had been regarded as quinsy. 
The fauces were swollen and reddened, the swelling being very marked 
on the left side. The left palatine tonsil was much enlarged, and 
showed on its surface a grayish-white patch the size of a dime. The 
reddening of the throat was general, and there was less local injection 
than one ordinarily sees in diphtheria. On inspection and palpation of 
the left side of the neck marked bulging was found, due, it seemed, to 
enlargement of the cervical lymphatic glands. Autopsy: the left side 
of the face and neck presented a marked diffuse swelling, extending 
from the angle of the jaw backward to the sternocleidomastoid muscle, 
and below almost reaching the clavicle. 

On incising this region the parotid gland was first. reached; this 
organ presented a normal appearance. After dissecting away the 
parotid gland a group of greatly enlarged, deep glands, surrounding 
the carotid artery and jugular vein, came in view. The periglandular 
tissues were infiltrated with bloody fluid and presented a sodden appear¬ 
ance. The enlarged glands and portions of the surrounding tissue were 
excised; the former were found to be swollen (several reaching the size 
of an English walnut) and to be wholly altered in appearance and con¬ 
sistence. In color they were deep purplish, and on incision a hemor¬ 
rhagic fluid exuded. Opaque points of necrosis were also present. 

The general subcutaneous fat was well developed ; there was no gen¬ 
eral oedema. The peritoneum appeared smooth and glistening; there 
was no fluid in the abdominal cavity, and the abdominal glands were 
not markedly swollen. 

The Bpleen was enlarged to fully twice its normal size ; it presented 
a purplish color and its consistence was diminished. 

The pleural cavities were dry; the lungs retracted moderately upon 
removal of the sternum; the lower lobes were congested, but no con¬ 
solidation was made out. 

Films, cultures, and animal inoculations were made from the organs 
and tissues removed at this necropsy, consisting of the enlarged cervical 
glands and spleen. Cover-,slips from the spleen showed large numbers 
of bacilli having the morphology and staining properties of the B. 
pe3tis. The films from the glands differed in their appearance. In 
some instances there were present large numbers of bacilli similar to 
those in the spleen, together with a few diplococci or short chains of 
cocci. Other cover-slips showed, beside the organisms mentioned, a 
bacillus having the morphology of the B. diphtheria. 

Case VI.—Foong Ah Fong, female, aged twelve years. No external 
signs of plague. The spleen only was examined (marked protest from 
child’s relatives). It was enlarged to about twice the normal size, and 
was diminished in consistence. ’ Films showed a very small number of 
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bacilli of the size of B. pestis, although the characteristic polar staining 
was. not observed. Cultures were made, and a portion of the spleen 
was introduced subcutaneously into a guinea-pig, with positive results. 

The Histological Examination. The description of the microscopical 
appearances is based upon the study of the material collected in Hong 
Kong in 1899 and in San Francisco in 1901. The sections were pre¬ 
pared by Dr. Pearce, to whom my thanks are due. The material covers 
especially the bubonic cases, hence the descriptions will refer almost 
exclusively to the changes in the lymph glands and spleen. Tissues 
from two cases of tonsillar infection (one from Hong Kong) are also 
available for study. The animal tissues cover a wide range, and include 
all the organs except the central nervous system. They were obtained 
from guinea-pigs inoculated with bits of tissues and cultures in San 
Francisco, and represent the different experimental effects produced by 
the plague bacilli. Some of the animals succumbed quickly to septi- 
csemic infection, others after many days, in which case pronounced 
local (bubonic) and visceral lesions were noted; in a few instances the 
animals were etherized in order to establish the diagnosis or to obtain 
intermediate effects. 

Human Cases. As no histories were obtainable of the cases from 
which tissues were collected in Hong Kong, and none that were reliable 
from those in San Francisco, no attempt will be made to consider the 
disease with respect to its duration; but the degrees of severity of 
lesions will be described as exhibited by the grade of involvement of 
the organs studied. The chief distinctions will be afforded by the 
lymphatic glands, and they will depend upon whether the glands were 
primarily or secondarily affected. Primary involvement may be of 
two kinds: Of the first order, being the point of original reception of 
the virus; of the second order, representing the extension to a second 
contiguous group of glands. As might be anticipated, buboes of the 
second order are less marked than those of the first order. Secondary 
buboes may be found in any or all glands within the body, and at a 
distance from the primary lesions, infection having followed through 
the blood circulation. They present, as a rule, an example of involve¬ 
ment of least intensity. 

Lymphatic Glands—Primary Buboes of Second Order. These glands 
show to the naked eye slight swelling and congestion. Upon micro¬ 
scopical examination, in the least marked cases, the changes affect 
especially the lymph sinuses. As might be anticipated, the subcapsular 
sinuses show very early involvement. Even when the medullary sinuses 
show very slight alterations the cortical sinus is dilated and contains 
numerous large cells, with round nuclei and finely granular and vacuo¬ 
lated protoplasm. These large cells quite completely fill the sinus. 
When the subcapsular space exhibits this condition, and it is present in 
glands that are regarded as scarcely enlarged, similar cells are to be 
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found about the main trabecula? in the interior (medulla) of the gland. 
That they are the cells that later show marked phagocytic properties 
for red blood-corpuscles is certain. In this early stage the lymph nodes 
and cords are little affected. There may be some increase in the 
lymphoid cells about the larger veins, but no very marked alterations 
have, as yet, taken place. There is complete absence of necrosis. 
Throughout the gland fine strands of fibrin can be seen, indicating 
doubtless an inflammatory (?) cedema. The bloodvessels contain light, 
fibrinous, possibly agonal or post-mortem thrombi. At a later stage, 
when the glands are definitely although not greatly enlarged, the 
changes are more diffuse and more profound. All the sinuses are 
much enlarged ; the cellular proliferation within the sinuses is also a 
marked feature, and the new cells are highly phagocytic exclusively 
for red blood-corpuscles. These cells cannot be distinguished from 
the red blood-corpuscle carrying cells of the spleen in typhoid fever. 
The lymphoid cells proper are also increased, beside which the centres 
of the lymph nodes and cords show a great increase in swollen and pale 
cells, their centres being converted into pale areas composed of cells of 
the epithelioid type. A small number of nuclear fragments also occur in 
these areas pnd chiefly within cellular protoplasm. The foci described 
are similar to those found in lymph glands and the spleen in other 
infections or toxic diseases— e. g., diphtheria and typhoid fever. 

The bloodvessels in the early stages of swelling contain an increased 
number of mononuclear and polymorphonuclear white cells. As the 
intensity of the process grows, their number increases. With the 
progress of the swelling, etc., the number of vascular thrombi increases 
and their nature changes. They appear in large vessels and contain 
many more white cells. 

The relation of plague bacillus to these buboes is perhaps variable. 
What I should take to be the normal is a small growth, especially 
in the blood and lymph vessels, the bacilli demonstrable among the 
lymphoid cells being fewer. The bacilli exist free among blood-cor¬ 
puscles and other cells. On the other hand, I have seen in buboes of 
the second order a growth of bacilli as great as in those of the first 
order. What is, however, very striking in these instances is the 
absence of anything like an adequate reaction on the part of the 
gland; and, moreover, the existence with as little reaction of equally 
large masses of characteristic bacilli in the periglandular adipose and 
other tissues. I am, therefore, inclined to view this abundant growth 
either as being agonal, or, what I think even more probable, as of post¬ 
mortem development. 

Primary Buboes of the First Order. The. pathological changes in 
these glands are unmistakable. They exceed in intensity and in extent 
those of the preceding order. They, moreover, differ in kind, first, on 
account of the occurrence of hemorrhage, and, second, on account of 
the necrosis. The two sets of lesions can be compared with difficulty 
on account of the degree to which the structure is.lost by necrosis, etc., 
in the glands now being considered. Again, while the periglandular 
affection in the former order was slight, the outline of each gland being 
defined by its capsule, in the present, one such sharp limits are entirely 
missing; the periglandular involvement is as great as the glandular 
affection, and the necrosis, hemorrhage, etc., are as marked. On 
account of the nature of the interglandular tissue, the presence of large 
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blood and lymph vessels, nerves, etc., the histological appearances differ 
from those of the glands themselves. 

In all the specimens of glands which I have examined no separation 
into the medulla and cortex is possible. Masses of lymphoid cells still 
remain, but they do not compose typical structures. That they are the 
relics of cortical structures their position proves; but they are not in 
relation with a definite systematic arrangement. Tiie medulla is even 
more altered in that all the proper cells are necrotic. Only fragments 
remain of the large, swollen, phagocytic cells, and the intercellular 
stroma stains poorly or not at all. What can be made out clearly are 
granular material, containing remains of cell-forms, nuclear fragments 
in small numbers, shadows of red corpuscles, and plugs of finely 
granular structure, filling spaces which suggest pre-formed vessels, and 
which, from the regularity of the grains, can be recognized in the 
lisematoxylin specimens to be bacilli. This granular and amorphous 
detritus is continuous with similar material in the cortex, only that in 
the latter situation small foci and islands of lymph cells still persist. 
This same regular, granular appearance mentioned proves that many 
bacilli occur throughout this entire area. Hemorrhages also exist in 
the cortical parts. 

The bloodvessels commonly are thrombosed. The thrombi consist of 
cells, both mononuclear and polymorphonuclear, and fibrin. The walls 
of the smaller vessels often are hyaline and structureless. Specimens 
stained with the fibrin stain show a fine network about the vascular 
walls, occurring partly within the lumen, partly within the wall, and 
partly beyond in the perivascular tissues. Larger vessels show, instead 
of the fibrinoid transformation of their walls, destructive and infiltra¬ 
tive changes. The intimal and medial coats contain an increase of cells 
and many cell fragments. This infiltrative condition is especially 
marked in the middle coat. That many of these cells are polymor¬ 
phonuclear blood cells is shown by the bizarre forms, etc., and the 
staining properties. 

The periglandular structures are extensively infiltrated and usually 
show necrosis as well. The infiltration is partly cellular, partly fluid, 
along with which fibrin is perhaps invariably present. The cells con¬ 
sist of red corpuscles and small elements with single, deeply-staining, 
much fragmented, or polyform nuclei. The oedema and fibrin are 
found chiefly in the coarse, fibrous septa of the adipose tissue; the cells 
occupy the meshes of the fat cells. The necrosis may be microscopical 
in extent, affecting a small number of cells, or large areas may be 
without definite structure and present a granular appearance. The 
bloodvessels are frequently thrombosed, and their walls inflamed (as 
above). 

The nerves are involved in the exudation. The cellular infiltration is 
found only in the perineurium, but this may be invaded to such an extent 
as to present the appearances of a small-celled collar surrounding the 
nerve bundles. The bloodvessels within the nerves are dilated; the 
nerves (in alcohol preparation) appear swollen, and the cells of the 
endoneurium are occasionally fragmented. Vessels with thin walls, 
presumably lymphatics, contain formless plugs in which there are many 
bodies taken to be bacilli. 

Bacilli are abundant within the swollen glands and in the periglan¬ 
dular tissues. Sections stained in thionin show countless numbers. In 
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no known bacterial infectious process, not even in leprosy, are such large 
numbers of bacteria to be found. They occur in continuous growth 
throughout the glands, occupying every available space; they completely 
occlude many bloodvessels, or, mixed with definite thrombi, compose a 
considerable part of the plugs. Moreover, the walls of the bloodvessels 
contain masses of bacilli, having grown, it is safe to conclude, within 
the vasa vasorum and the lymph spaces. The adventitial coats of veins 
and arteries are especially rich in such growths of bacilli. The blood¬ 
vessels and lymph vessels in the periglandular structures are also, to a 
large extent, occupied by bacilli. The latter seem to be plugged by 
these growths alone; the former may show bacterial masses, even when 
the vessel is still open and pervious. Large areas of finely granular 
detritus in the interstitial tissue are made up of a massive growth of 
bacilli; and the bacilli occur in the fluid exudate. The morphology of 
the organisms speaks unmistakably for the bacillus pestis. 

The Tonsillar Infections. The buccal mucous membrane forms one 
of the portals of entry into the body of the plague bacilli. It is prob¬ 
able that the cervical buboes arise from that source of infection. Of 
all the buccal structures the tonsils seem to be most frequently the 
primary one attacked. In this fact we have only another illustration 
of the importance of incomplete epithelial investment and perhaps of 
previous disease in promoting infection. Other parts of the buccal 
cavity may become secondary points of development of the bacilli, an 
example of which is supplied by a case from which tissue was obtained 
in Hong Kong, and which shows early involvement of the epiglottis. 

The tonsil suffers changes not unlike those described in the primary 
lymphatic bubo of the first order. There is congestion, hemorrhage, 
necrosis of cells, and extensive growth of bacilli. The degrees vary 
somewhat, so that examples of lymph sinus proliferation may be met 
with along with other changes of greater severity. The cells of the 
sinuses are somewhat smaller than in the lymphatic buboes; some 
resemble Unna’s plasma cells closely, and many are phagocytic for bacilli. 
Of this there can be no doubt, for the protoplasm of these cells is packed 
with characteristic organisms. The bacilli are spread beneath the layer 
of stratified epithelium, even elevating this layer through the excessive 
growth, the epithelium showing vacuolation, loss of nuclei, etc. 

The lesion of the mucous membrane covering the epiglottis is more 
recent than in the tonsil. It consists of a marked infiltration of small 
cells with single nuclei, polymorphonuclear cells, and serum. The infil¬ 
tration extends to the layer of mucous glands next the cartilage, which 
are in part broken up by it. The chief growth of bacilli is near the 
surface, beneath the epithelium, which layer, it should be mentioned, 
is in part deficient. Occasional masses of bacilli occur in the deeper 
layers and even within the lumen of the glands. The appearances 
here presented are not unlike those described of the primary plague 
pustule. 

The adjacent glands suffer along with the tonsils; their enlargement 
constitutes, of course, the cervical bubo. Two kinds of glands must, 
however, be distinguished in this region—lymphatic and htemolymphatic 
glands. The former undergo the changes already described. In addi¬ 
tion, it should be mentioned that even with considerable enlargement 
the alterations noted in one gland—the one constituting the main bubo 

resemble closely those of the glands of the second order, except for 
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greater richness in bacilli pestis. The lymph sinuses especially were 
affected; the cells were increased in numbers, enlarged, plasma-cell 
forms occurred, but phagocytosis was for bacilli only. The lymph node 
and cord cells were also increased, but not degenerated. Occasional 
mitoses were met with in larger (endothelial) cells. 

The hcemolymph glands were greatly enlarged; the network of 
vessels enormously distended; much hemorrhage had taken place; 
nuclear fragments were scattered numerously throughout the tissue; 
a small number only of cells with undegenerated nuclei were still 
present; the periglandular tissue was hemorrhagic, and micro-organ¬ 
isms—bacilli—were abundantly present. In Case VI. of the San 
Francisco series the very hemorrhagic glands described consisted of 
these structures. 

The Spleen. As already described, the spleen in the plague is en¬ 
larged moderately; the consistence is somewhat diminished, and the 
color deeper than normal, but it is not the type of the acute splenic 
tumor of the true septicaemias. In making this statement it is well to 
emphasize that although the spleen in the autopsies made all contained 
bacilli, often in very large numbers, the cases themselves were examples 
of the bubonic and not of the septicsemic variety, per se, of the disease. 
In a case of pneumonic plague which I saw with Lowson at Hong 
Kong the spleen was much swollen (three to four times the normal 
size), and very soft and dark. 

It is probable that, irrespective of their mode of origin, all fatal cases 
of the plague are septicaemic (bacteriaemias). But it is also probable 
that the general invasion of the bacilli takes place late in many bubonic 
examples, and the enlargement of the spleen is, therefore, less marked 
a feature than in the primary septicaemias, or even the pneumonic 
variety, in which dissemination of the organisms occurs earlier in the 
course of the disease. 

The microscopical changes vary in different cases, but in degree 
only, so far as can be determined by the study of bubonic cases. The 
alterations affect the pulp chiefly, next the lymph nodes (Malpighian 
bodies), and then the bloodvessels and stroma. 

The pulp is swollen, the swelling being the result of cellular prolif¬ 
eration, cellular infiltration, and oedema. The proliferation affects 
especially cells closely united with the veins and surrounding the trabec¬ 
ulae. These cells have reticulated nuclei, placed eccentrically, and a 
fair allotment of protoplasm taking the blue thionin stain. The cells 
are often polyhedrical rather than round. These cells have a close 
affinity to Unna’s plasma cells. Next the lymphoid cells are increased, 
but to a less extent than the cells just described. The vascular and 
other (?) spaces in the pulp contain an increased number of red cor¬ 
puscles. In the same spaces occur large cells of two kinds. One is a 
giant cell with single, lightly-staining, reticulated nucleus and a mod¬ 
erate amount of protoplasm, and resembling the large, mononuclear, 
narrow cell with which it is probably identical; it is not phagocytic. 
The other is a much larger cell, three to four times as large as the 
narrow cell, and is highly phagocytic. These macrophages englobe 
white cells—both mononuclear and polymorphonuclear—but rarely red 
corpuscles. They occur at times within the larger veins, especially 
such as exhibit the subintimal cellular proliferation to be described. 
The polymorphonuclear cells in the pulp exhibit great variation in 
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form, and many would seem to’ have been in a state of active migration 
when the tissue was fixed. They show great variety of form, sucb as 
is seen in actively motile cells, and they would seem to be moving in 
numbers through the pulp. Fibrin, in the form of balls and fine 
strands, is found among the pulp cells and in the fluid, and many 
bacilli are present. 

The Malpighian bodies are increased in size, the increase being due 
to the multiplication of the lymphoid cells, and, to a smaller extent, of 
epithelioid cells. The latter do not occupy the centres of the nodes, 
but are few in number and placed peripherally. Their nuclei are large 
and vesicular; rarely a cell contains two nuclei. Degeneration of cells 
is uncommon, very few fragmented ones being visible. Rarely small 
islands of fibrin are present in the nodules. 

The bloodvessels show two kinds of change. The arteries, chiefly 
those of the Malpighian bodies, have hyaline walls; the veins of all 
sizes frequently show subintimal cellular proliferation. The cells in the 
intima are mononuclear and more rarely polymorphonuclear elements 
that form a continuous although not uniform investment, or appear as 
isolated projections into the lumen of the vessel. Above these cells 
the displaced endothelial cells can usually be detected. 1 

Bacilli are very numerous, especially in the pulp, where they grow 
diffusely and would seem to attach themselves to the reticulum and ' 
grow in irregular masses into the venous sinuses. They are rarely 
within cells. Their morphology is unmistakably that of B. pestis. 
They also completely occlude small bloodvessels, and, within the trabec- 
ulse spaces, probably lymphatics. In that the richest growths are 
often unassociated with reactions, it is highly probable that they may 
have taken place post-mortem. 

So few specimens of the remaining organs could be collected that no 
description of them will be attempted. 

The Experimental Disease—Morbid Anatomy. As stated at the out¬ 
set, the animal used for experiment was the guinea-pig. The inoculated 
material consisted of bits of spleen and lymph gland and cultures, upon 
agar, from those sources. The place of inoculation was the subcu¬ 
taneous tissue of the lateral abdominal wall, nearer the inguinal than 
the axillary region. 

The inoculated animals’ can be separated into two groups, depending 
upon the results of the inoculation. These results in turn depended 
upon the virulence of the material—tissue or culture—inoculated, upon 
which also depended the duration of life following inoculation. 

Types of Infection. The animals inoculated early in the course of 
the investigations in San Francisco died at periods varying from forty 
hours to eight days. Those,inoculated later, and one or two inoculated 
with cultures early in the studies, but which had not succumbed, were 
etherized at the close of the work and subjected to post-mortem exam¬ 
ination. According to the period of survival and virulence of the 
inoculated material, the appearances observed denoted (a) bacterisemia 
without macroscopical localization in the organs, and (6) focal, nodular 


1 This process is IdenUcal with that described by Heitoen in tubercular menlngiUs; Coancii- 
man iu epidemic cerebro-spinal meningitis; Pearce In the spleen In scarlet fever; and Fiexner 
in the lung in experimental leptolhrlx fillfbrmic pneumonia in the rabbit. 

* See Report of the Commission, p. 17 et seq. 
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localizations in the internal organs. In all cases marked local lesions 
at the site of inoculation and in the adjoining tissues occurred. 

Local Lesions. At the point of inoculation the tissues—skin, subcu- 
taneum and sometimes muscles—were infiltrated with pus cells and pre¬ 
sented a yellowish focus of necrosis. From this area as a centre the 
subcutaneous tissue, sometimes of one side, but frequently of both sides, 
was occupied by a gelatinous, hemorrhagic infiltration. 

The lymphatic glands of the inguinal and axillary, regions, even, in 
the acute cases, were distinctly enlarged. In those animals which died 
after a longer period, or were killed from six to seven days after inocula¬ 
tion, the regional lymphatic glands were much enlarged, hemorrhagic, 
and even necrotic. The inguinal glands were, as a rule, more swollen 
than the axillary. 

The Spleen and Liver. In the instances of rapid death (bacteriiemia) 
the spleen was moderately enlarged, its color was deepened, its consist¬ 
ence decreased, but no focal lesions were visible to the naked eye. In 
this class of cases the other organs failed to show focal lesions. . The 
lungs appeared mottled only, and a few small necroses existed in the 
liver; numbers of bacilli were contained in all the viscera and in the 
heart’s blood. 

The focal lesions in the spleen consist of grayish-white nodules, larger 
than a millet-seed in size, covering the surface (within the capsule), and 
occupying the Eubstance of the organ. When the nodules are numer¬ 
ous—in animals succumbing from the sixth to the eighth day, 
or after etherization at that period, when there has been a marked local 
reaction—the spleen is greatly enlarged, perhaps five to six times its 
normal size, and its color is pale. The main mass is composed of the 
nodules now almost or actually confluent which, having penetrated the 
peritoneal capsule, are covered on the surface with a fibrinous exu¬ 
dation. 

The liver invariably shows lesions when death has been delayed a few 
days. The common ones are focal necroses of varying size.. These are 
yellow in color, and in size ranged from that of a pin’s point to linear 
and wedge-shaped areas three to four millimetres in length. Only 
rarely did whitish nodules similar to but smaller than those noted in the 
spleen occur. 

The Lungs. They present a variety of appearances, only one of 
which was characteristic. Sometimes they showed no gross lesions; not 
uncommonly they are mottled and contain small ecchymoses beneath 
the pleura; rarely they contain scattered whitish nodules resembling 
those of the spleen, except that they are smaller and tend to be sur¬ 
rounded by a zone of recent hemorrhage. No effusions into the pleura 
were noted. . 

Suhserous Hemorrhages . These are common, especially in the peri¬ 
toneum, where they occur beneath and within the serosa of the large 
intestine, and in the pleura covering the lungs. They are usually small 
in size, although at times, through confluence, they.reach larger dimen¬ 
sions. However, considerable exudations or effusions into the serous 
cavities did not arise from this source. 

The other organs, except the adrenal glands, showed no special 
changes to the naked eye. The adrenals were uniformly congested, and 
often very dark in color. 

The central nervous system was not examined. 
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Histological Examination 1 —Local Lesions. This embraces (1) the site 
of inoculation, and (2) the adjacent lymphatic glands. 1. Upon 
microscopical examination it is found that the abdominal muscles are 
involved in the local infection. The lesion consists of necrosis, exten¬ 
sive infiltration, and proliferation of the local tissues. The infiltration 
exceeds the necrosis, but the proliferative changes are considerable. 
The necrotic tissue is infiltrated ■with cells containing polyform and 
fragmented nuclei, many staining very poorly. Among these a fair 
number of cells with single vesicular nuclei are also found, they probably 
arising from the fixed tissues. The cellular and necrotic mass is sur¬ 
rounded by voluntary muscle, fibrous, and adipose tissue. Remains of 
these several tissues may also be found in the phlegmon, especially frag¬ 
ments of muscle; but the adjacent muscle fibres are swollen, sometimes 
fragmented, and if the phlegmon is large much compressed and elongated. 
But the main change is found in connection with the sarcolemma, which 
is in active proliferation, separating widely the remaining fibres in the 
older specimens, and giving rise to a marked interstitial myositis. The 
adipose and connective tissues are also in active proliferation. Newly- 
formed bloodvessels are numerous, and the phlegmon is enclosed by the 
new tissue. 

Notwithstanding the evidences of healing and the marked reaction, the 
number of bacilli present is very great. They appear in large clumps 
and in the form of a diffuse growth, not only in the phlegmon, but also 
in the adjacent newly-formed tissue, and are largely without cells. 

2. The lymphatic glands show degrees of swelling, etc., in part 
according to their positions, and depending upon their mode of infec¬ 
tion. Division into primary buboes of the first and second order is also 
justifiable in animals. The main lesions consist of hyperaemia, cellular 
proliferation, exudation, and bacterial growth. The cellular prolifera¬ 
tion and bacterial development predominate. The former is met with 
in the medulla and the cortex, and affects lymphoid cells (in the cortex 
especially), and a larger cell with eccentric nucleus and more abundant, 
deeply-staining protoplasm (chiefly in the medulla). The larger glands 
(primary buboes of first order) show much necrosis, the cells being exten¬ 
sively fragmented. In these, moreover, fibrin is present, both as fine 
fibrils throughout the gland and in the form of more compact masses 
within the vessels. As many of the plugged vessels are in the medulla, 
occupy the position of the lymph sinuses, and are devoid of red cor¬ 
puscles, they are taken to be lymphatic vessels. The periglandular tissues 
are invaded also. Infiltrations, exudations, and necroses are met with in 
the cellular and adipose tissue; bacteria are also numerous. The bacilli 
in the main buboes are as numerous as in cases of human infection, 
and have much the same distribution. An exception is found in the less 
conspicuous involvement of bloodvessels in the experimental buboes. 

The Spleen. There is little similarity in this organ in the human 
and experimental disease. The sole diffuse change in the latter is con¬ 
gestion, which is often so marked a feature as to cause wide dilatation 
and make very conspicuous the blood sinuses of the pulp. The white 
cells also are increased, and especially a large mononuclear cell. The 


1 The histology of experimental plague lesions has received relatively little attention. The 
main descripUon, with the facts of which the above is in considerable agreement, is given by 
Babes and Livadite in Virchow’s Archiv, 1897, Bd. cL p. 343. 
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Malpighian bodies are but little altered. Unless there have been 
nodular formation in the spleen little else is found except bacilli, which 
may be abundant, especially in the pulp. 

The localized nodules are what constitute the characteristic lesion. 
They consist of a central body of bacilli about which are grouped cells 
and remains of cells, forming collections as large as or larger than the 
Malpighian bodies. The bacilli may form a central mass with radii 
projecting from the periphery, or the development may have taken 
place from several centres, the latter being united by intervening 
strands. The cells surrounding the bacilli are in part mononuclear 
elements, having vesicular nuclei; but in the main they are polymor¬ 
phonuclear, fragmented, and degenerated cells. In one specimen, areas 
composed only of mononuclear cells, but with slight bacterial develop¬ 
ment only, were observed. Fibrin is present about the areas, within 
the vessels, and in the tissues. The quantity of fibrin varies in the dif¬ 
ferent specimens. 

From the position of the bacilli it would appear that they developed 
in bloodvessels, which finally became occluded. Following this cellular 
proliferation doubtless took place, although previous degeneration of 
splenic tissue may have occurred. The degeneration of the new cells 
seems to have provoked a rich emigration of leucocytes toward the 
areas of bacterial development. The bacteria are free, without cells. 
In addition to the masses (emboli ?) of bacilli a general diffuse growth 
of organisms is also present in the splenic tissue. 

The Liver. The focal lesions of this organ consist, beside rare 
hemorrhages, of necroses and nodular formations not unlike those found 
in the spleen. Of the hemorrhages, which do not reach a large size, 
it is unnecessary to speak further; the necroses are, however, important. 
The latter are separable into two groups: those attended and those 
unattended by proliferative phenomena. Together they constitute the 
necroses described as visible on the surface of the organ as dots and 
lines. Similar ones may be present also in the depth, and in both the 
liver cells are found in various stages of hyaline or coagulative necrosis. 
The protoplasm is highly refractive, shows an increased affinity for 
eo3in, the nuclei of the cells may be absent, in a state of pyknosis, or 
fragmented. Hemains of previous vacuolization or fatty change may 
be discovered in the liver cells. A small number of leucocytes may 
occupy the capillaries between the cells. Bacilli are sometimes demon¬ 
strable in the sections among the hyaline cells, sometimes not. They 
doubtless are always present, but not clearly stainable. Thrombi are 
usually absent. 

A more characteristic lesion is found in the nodules with which 
necroses of liver cells are usually associated. The nodules vary in 
number, position, and size in different specimens. In some instances 
they were entirely absent, although the simple necroses existed. They 
are associated, perhaps invariably, with considerable growths of bacilli, 
forming zooglea masses, which occupy the centres of the nodules. 
About these there is a rich cellular accumulation, which I take from 
the study of many sections to arise as follows: The bacilli having 
localized within the liver, a multiplication of the endothelial cells of the 
neighboring capillaries takes place. As these cells—presenting epi¬ 
thelioid appearances—increase the adjacent liver cells also begin to 
show alterations, among which are swelling and vacuolization of proto- 
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plasm, multiplication of nuclei, compression of protoplasm, and hyaline 
degeneration. A little later stage exhibits the disappearance of many of 
the liver cells, their place having been occupied by the epithelioid cells, 
so that the new formations at this time look not unlike miliary tubercles. 
One difference is, of course, immediately noticeable, the bacilli being 
numerous and easily demonstrable. Another difference is found in the 
tendency of the node to enlarge by exciting the adjacent structures to 
similar proliferative activity. Finally, the large size of the nodules 
and the extent and irregular distribution of the liver necroses constitute 
marked differences from the appearances Eeen in tuberculosis. More¬ 
over, there is no caseation in the nodules, or any process to be confounded 
with it, although disintegration by fragmentation of cells commences 
very soon. About this time polyform cells, probably polymorphonu¬ 
clear leucocytes, make their appearance and mingle with the other 
cells. In the oldest nodules nothing remains of unaltered or only 
slightly changed liver cells in the centres of the formations. 

The nodules may occur anywhere within the liver lobule and in the 
interlobular tissues. Thrombi, hyaline and fibrinouB, may be present 
in the adjacent veins and capillaries. The cellular proliferation and 
infiltration, instead of giving rise to a definite node, may extend in a 
linear direction along the walls of bloodvessels or bile vessels. In the 
former the endothelial lining of the vessels tends to increase. In one 
specimen a considerable linear envelopment was noticed along one side 
of a medium-sized branch of the hepatic vein. 

The effects of the presence of the bacillus pestis in the liver of guinea- 
pigs is to cause general and local degenerations, and, by their occurrence 
in large numbers, to excite circumscribed proliferation of the endothelial 
cells and perhaps, although only to degenerate quickly, the liver cells. 
The lesion which results from the latter process is the characteristic 
plague lesion in the liver, and corresponds more or less accurately with 
the focal lesions in the spleen. It is the result of the direct action of 
the bacilli or their metabolic products in situ. The more remote effects 
of the bacilli are degenerative only. 

The Lungs. Subpleural and intrapulmonary ecchymoses are not 
uncommon. The characteristic lesion is, however, focal and nodular. 
In number, size, and distribution these nodules are subject to great 
variation. They may be absent altogether, very few may be present, 
or every section of the lungs may contain a dozen or more. They may 
be near or within the pleura, in the substance of the lungs, or adjacent 
to bronchi. In size they vary from the area of two or three to areas 
of twelve or more pulmonary alveoli. Bacilli in masses are always 
present. They are within the alveolar spaces and in the pulmonary 
capillaries. About these are cells, the major being within the alveoli, 
and consisting of or resembling the alveolar epithelium. Cells with 
polyform nuclei and cell fragments are intermingled. The stroma is also 
infiltrated with similar cells. The larger the nodules the more irregular 
in form the cells, and the greater the number of fragments. Beside 
the bacilli within the nodules a growth may also have taken place in 
pulmonary capillaries, about which there may have been no consider¬ 
able cellular accumulation. 

The adrenal gland shows extensive hemorrhage, marked especially 
within the medulla, the structure of which is greatly disturbed. The 
cortex, on the other hand, exhibits an extensive growth of bacilli, which 
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run between and surround the cortical cells and occupy spaces beneath 
the capsule of the gland. Isolated masses of bacilli are also present in 
the medulla. 

The present epidemic of plague in China and India has been note¬ 
worthy, first, because of the discovery of the specific cause, and, second, 
as permitting accurate studies of the varieties, modes of infection, 
prophylaxis and specific treatment of the disease. A host of contribu¬ 
tions to our knowledge of the plague have been made by private 
individuals and Commissions sent to the East by Japan and several 
European countries. Brief reference will be made in this place to the 
pathology of the disease, as described in some of the published reports, 
in order that comparison may be made with the San Francisco epidemic 
which supplied the chief materials for the present paper. 

According to the German Commission 1 the pest bacilli find their way 
into the body either through wounds of the skin or by way of the lungs. 
The first mode of infection gives rise to the great majority of the cases. 
It is presumed that minute lesions—scratch wounds, etc.—open the 
way. No unmistakable example of intestinal infection was observed, 
while, on the other hand, instances of infection starting from the tonsils 
or other parts of the buccal mucous membrane were encountered. In 
a considerable proportion of cases pustules or carbuncles of the skin, 
representing the primary points of entrance, from which the regional 
lymph glands became affected with bacilli, were noted, and between 
the two stations distinct lymphangitis is said to have occurred. Bubonic 
plague may eventuate in absorption, in suppuration, or it may be asso¬ 
ciated with severe symptoms denoting spread of the infection or a gen¬ 
eral intoxication of the organism. The hemorrhages which are present 
in various parts are due to intoxication, in support of which conclusion 
an instance of the examination of a foetus expelled on the third day 
of the disease is cited. In it typical hemorrhages were present, but no 
bacilli whatever could be demonstrated in cultures, etc. Bacilli were 
not, moreover, obtainable from petechial blood. The commission also 
recognized a severer form of the plague—the pest septicemia—and in 
addition a primary plague pneumonia that may be mistaken for croup¬ 
ous pneumonia. 

The report of the Austrian Commission 3 differs in some respects from 

1 Mittheilungen der Deutsch. Pest-commission a us Bombay, etc.. Dents ch. med. Wochenschr. 
Souderbeilage zu No. 17, 1897; Weitere Mittheilungen der Deutsch. Pest-commission, ibid., 
Nos. 19,81,32, 1897; Gaffky, E. Pfeiffer, Sticker, und Dleudonng: Bericht Uber die Thfitlgkelt 
der znr Eriorschung der Pest In J&hre 1897 nacb Indien entsandten Commission, Arbeiten a. 
d. Kaiserl. Gesnndheitsamte, 1899, Bd. xvL. 

* Zusammentkssender Bericht Uber die Thatigkeit der von der Kaiserllchen Akademie der 
Wizsenschaften In Wien rum Studium der Peat nacb Bombay entsendeten Commission (Wiener 
klin. Wochenschr., No. 20,1897; Muller, Albrecht und Gbon, Deber die Buelenpest in Bombay 
In Jahre, 1897. Gesammtbericht der von der Kaiserl. Akademie der Wissenschafien in Wien 
zum Studium der Buelenpest nach Indien entsendeten Commission. Thell 1 und 2, A und B, 
Wien, 189S-99). 
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the German, and it is important as containing extensive descriptions of 
the gross and microscopical appearances of the organs in the plague. 
The report was based upon the clinical observation of seventy cases of 
plague and the bacteriological and pathological examination of forty- 
seven cases. The chief form of plague is denominated by them “ sep¬ 
ticemic hemorrhagic.” It is characterized by a primary hemorrhagic 
bubo located most frequently in the inguinal, axillary, and cervical 
regions, about which there occurs a hemorrhagic oedema, and at a 
greater distance hemorrhages into the organs. The spleen is swollen, 
the general lymph glands are enlarged, and the parenchymatous organs 
show degenerative changes. The primary bubo may be entirely want¬ 
ing, the swelling of the lymph glands may be inconspicuous, and the 
hemorrhage may be the only pronounced sign. A second form of the 
pest i3 the septicopyemic. In it embolic foci are present in the lungs, 
liver, and kidneys. A third form is the primary pest pneumonia, which 
is a confluent lobular pneumonic process, usually attended with notice¬ 
able lymphatic enlargement. The common place of entry of the bacilli 
is the skin, but only exceptionally can the precise point of entrance be 
discovered, the demonstration of the place and mode being found in the 
location of the primary bubo. The lymphangitis in the neighborhood 
of the buboes as well as the infiltration of the periglandular tissue are 
always secondary to the glandular infection. A tonsillar infection is 
described, and the lungs are admitted to act as the portal of entry for 
the bacilli in a small number of cases. A Bingle instance of purulent 
meningitis, due to the bacillus pestis, was encountered. Clinically, 
there Bhould be distinguished only bubonic and pneumonic forms o- the 
plague. The former is much the more frequent. In all but a very 
small number of cases the primary morbid focus iB found in a lymph 
gland or a group of glands (primary bubo) from which, through 
lymphatic communication, the adjacent glands become infected. The 
latter constitute the primary bubo of the second order, in contradistinc¬ 
tion to secondary buboes, the result of general invasion of the body by 
the bacilli. The invasion of the blood takes place always from the 
primary bubo (or lung), as a primary blood infection does not exist. 
The primary bubo may be so small that it cannot be discovered clin¬ 
ically, and is found anatomically only after careful and prolonged 
search. In foudroyanle cases it may fail altogether. 

The primary bubo is distinguished by destruction of the lymphatic 
parenchyma, necroses, hemorrhages, and (in the cases of mixed pyogenic 
infections) suppuration. A similar condition is found in the surround¬ 
ing cellular tissues. Bacilli are present in great numbers. The 
secondary buboes show, on the other hand, uniform hypersemia, occa¬ 
sional hemorrhages, and, in the more protracted cases, medullary swell¬ 
ing. The primary buboes of the second order approach one or the other 
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of these appearances, depending upon their distance from the gland 
primarily affected. 

The multiple hemorrhages are not the results of the action of toxins 
elaborated at a distance, but are caused directly by the bacilli which 
may always be found in the neighborhood. 

Parenchymatous and fatty degenerations of the heart, liver, and kid¬ 
neys occur commonly. Splenic tumor is a constant occurrence. The 
spleen shows marked changes. The pulp is distended -with blood, and 
contains many polymorphonuclear cells. The follicles are but little 
altered, but the trabecula are swollen and homogeneous. In some 
instances the endothelial cells of the pulp have proliferated and des¬ 
quamated. When very great numbers of bacilli are present miliary 
necroses may occur (also oberved by Yamagiwa).' The bacilli may be 
very abundant in the pulp, but are spare in the follicles. They are 
sometimes contained within cells. 

In the pyamic variety metastatic foci are found in the liver, lungs, 
kidneys, spleen, and musculature. These foci, which may reach a 
hazel-nut in size, resemble abscesses, except that they tend to be sur¬ 
rounded by a zone of hemorrhage. In about one-third of all the cases 
of plague secondary pyococcal infection has taken place. 

The primary plague pneumonia appears in the form of a lobular con¬ 
solidation, which, when the foci are numerous and confluent, may pro¬ 
duce lobar solidification. Bronchitis is present. The bronchial 
lymphatic glands present appearances of primary, the other glands of 
secondary buboes. In addition to tbe primary two other forms of pest 
pneumonia are recognized; one metastatic, which appears as multiple and 
larger foci, seated beneath the pleura; the other an aspiration pneumonia, 
from inspirations of infected material obtained from buccal buboes. 

Wyssokowitz and Zabolotny, 2 who were sent by the Russian Govern¬ 
ment to Bombay, performed autopsies upon twenty-four plague cadavers. 
They recognized two modes of infection—from wounds and through 
the lungs. In the former cases lymphangitis was usually missed, so 
that the exact place of entrance could not always be given; on the 
other hand, the territory of infection could be determined by considera¬ 
tion of the glands primarily involved. In their series of pneumonic 
cases (six) all were examples of bronchopneumonia. In no instance 
was a gastro-intestinal source of the infection noted. While the mesen¬ 
teric glands were swollen they did not present the appearances of 
primary buboes. 

Wilm* examined a large number of pest cadavers in Hong Kong. 

1 Ueber die Bubonen-pest, Virchow’s Archiv, 1597, Bd. clix. p. 159, supplement. 

* Recherches snrla peste bubonique, Annales de l’Inst. Pasteur, 1897, t. xi , No. 8. 

* Ueber die Pest-epidemic in Hong Kong in Jahre 1896, Hygienische Rundschau, 1887, Bd. 
▼ii. p Nos. 6 and C. 
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Especial attention is drawn to the involvement of the gastro-intestinal 
tract. The solitary and agminated intestinal lymphoid nodules were 
generally swollen and hemorrhagic, and the mesenteric glands were 
found swollen, softened, and mottled with hemorrhages. Wilm claims 
to have found in 20 per cent of the cases without external buboes that 
the stomach and intestine were predominatingly affected. This observa¬ 
tion thus far stands alone and in opposition to the experiences of other 
writers. 

The two main types of the plague-—the bubonic and pneumonic—may 
be considered as established by the observations made during the present 
epidemic. Additional confirmation of the studies in China and Hong 
Kong have recently come from Japan 1 and Sydney, N. S. W. 1 Viewed 
by the light of the experiences in other places where the plague has 
gained even a temporary foothold, the absence of the pneumonic disease 
from San Francisco is the more remarkable. In all places where 
plague has secured a start evidences of rat infection and probable rat 
dissemination have been brought forward. It is, therefore, the more 
strange that in San Francisco, even after a year’s prevalence among 
the Chinese, no evidence of a similar infection of vermin has been 
obtained. An attempt was made by the National Commission to 
determine whether the rats in Chinatown harbored the plague. Only 
one dead rat was obtained for examination, and it proved negative. 
This animal showed signs of traumatism about the body, and may have 
been killed by a dog or by other violence. About one dozen rats were 
caught in traps in the sewers in the Chinese quarters. They were 
fed and kept under observation for about two weeks, during which 
time only one died. Upon examination this animal gave a negative 
anatomical and bacteriological result The others were killed but not 
examined. 

It is, therefore, safe to assume that no considerable if any spread of 
the plague due to the rats in Chinatown has taken place. And it seems 
not unjustifiable, judging from the experiences of other infected places, 
to ascribe the limited and localized character of the San Francisco 
outbreak to the present immunity of the rat population. 

A comparison of the natural disease in man and the experimental 
disease in guinea-pigs, as it existed in San Francisco, with the descrip¬ 
tions of the natural and experimental disease as observed in other 
places, will supply immediate conviction of the identity of the path¬ 
ological processes. The gross lesions are characteristic and unmistak¬ 
able. Moreover, the main features of the natural disease in man and 
the rat are easily and constantly reproducible by experimental inocula- 

i Kitasato, Bericht Uber die Pest-epldemle in Kobe nnd Osaka, Toldo, 1900. 

~ Report of the Ontbreak of Plague at Sydney, 1900. 
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tion. The histology of the lesions in man and animals is also in con¬ 
siderable accord. The primary buboes are practically identical; the 
necroses in the liver and spleen are easily comparable, and while, how¬ 
ever, the proliferative nodules in the spleen, liver, and lungs in guinea- 
pigs may not have an exact counterpart in man, perhaps closer study 
of the pysemic (metastatic) lesions in man may show that, beside 
necrosis and suppuration, considerable cellular proliferation has taken 
place. The minute changes in parenchymatous, proliferative, and emi- 
grative cells—degenerations, necroses, etc.—are indistinguishable in 
man and animals. 

When, therefore, the pathological anatomy, bacteriology, and the 
results of experimental inoculations are carefully considered, it is not 
easy to see by what means a part of the medical profession of San 
Francisco was and continues to be misled as to the nature of the 
epidemic disease prevailing in the Chinese quarter of that city. It is, 
however, due to the profession of San Francisco to state that this small 
number was far outweighed by those physicians who were convinced that 
the pest existed and expressed themselves accordingly. Among these were 
the bacteriologists and pathologists of the city almost without exception. 

In conclusion, it is a pleasure to acknowledge the many favors con¬ 
ferred upon the National Commission by the local medical profession 
of San Francisco, and the great assistance in the scientific pursuit of 
the work rendered by Drs. Williamson, O’Brien, and Kellogg, of the 
City Board of Health, and Dr. Wilson, district physician. 


THE BACTERIOLOGY OF BUBONIC PLAGUE . 1 

By Frederick G. Novy, Sc.D., M.D., 

JUNIOR PROFESSOR OF HYGIENE AND PHYSIOLOGICAL CHEMISTRY, UNIVERSITY OF 
MICHIGAN, ANN ARBOR, MICH. 

Since the studies of Yersin upon plague in 1894 the bacteriology of 
this disease has been the subject of numerous exhaustive investigations, 
not only by independent workers, but also by special Commissions which 
European governments, namely, Austria, Germany, and Russia, have 
sent to India. As a result, the biological properties of the bacillus pestis 
and its effects upon experimental animals are well known. In a 
remarkably short time the chief etiological factors in bubonic plague 
have been revealed and effective means have been provided in Haffkine’s 
vaccine and Roux-Yersin’s serum which, together with careful isolation 
and thorough disinfection, have rendered it possible to check the spread 
and ewn to cure this'disease: ' There - are, however, many questions in 


1 Read before the Association of American Physicians, Washington, May 1,1901. 
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the epidemiology of plague which still await a satisfactory explanation. 
It is not the purpose of this paper to enter into the consideration of such 
questions, but rather to present the bacteriological studies made by the 
United States Commission in San Francisco, together with subsequent 
experiences with the plague bacillus at Ann Arbor. 

Owing to the manifold clinical features presented by the plague it will 
be readily seen that the greatest importance attaches to the demonstra¬ 
tion of the presence of the pest bacillus. As is well-known, the most 
common type of the disease is that in which there are more or less 
marked enlargements of the lymphatic glands. Such buboes are usually 
met with in the femoral or inguinal regions, less frequently in the axill® 
or in the neck. A well-marked bubonic case of plague offers no diffi¬ 
culty in the way of diagnosis. But, on the other hand, it must be 
remembered that there are cases of plague, scpticmmic in character, 
where little or no glandular enlargement can be detected. An instance 
of this kind was met with by the Commission where, although the patient 
(Case VI.) was seen during life, it was only after the bacteriological 
examination of the spleen, and more particularly the positive animal 
experiment, that it was shown to be a case of plague. The pneumonic 
type of the disease was not met with by the Commission. 

The detection of the plague bacillus during life is possible, but at 
times rather difficult. In the case of a well-defined bubo it is feasible 
to introduce a hypodermic needle, and in this way remove a few drops 
of the fluid from which cover-glass preparations and cultures may be 
made, and in the experience of the German Plague Commission such 
procedure frequently revealed the presence of large numbers of plague 
bacilli. At San Francisco in one living case the attempt was made to 
detect the plague bacillus in this way. The result in that case was 
negative both culturally and microscopically. The failure was undoubt¬ 
edly due to the fact that the needle did not actually pierce the small 
gland. In suppurating, discharging buboes it frequently happens that 
either the pus will be perfectly sterile or it will contain only streptococci 
and other pyogenic organisms. 

In very severe forms of plague, and, of course, in the septicsemic 
type, plague bacilli are present in the blood. A few drops of blood 
taken from the finger or from the ear lobe can be used for an examina¬ 
tion. The number of bacilli in the blood during life is necessarily 
small, and for that reason their detection by direct microscopical 
examination is very difficult In the experience of the German Com¬ 
mission, frequently where the cover-glass preparations gave negative 
results, the cultural methods were successful. Of 124 cases thus exam¬ 
ined, 81 gave negative results. It is evident, therefore, that a mere 
examination of the blood cannot be relied upon as a means of diagnosis. 
The case already mentioned, where an attempt was made to discover 
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the plague bacilli in an enlarged gland two days before death, was also 
used for a blood examination, but with equally negative results. Only 
a drop of blood was used in this trial, and it is quite probable that if 
one or two cubic centimetres of blood had been drawn from a vein by 
the aid of a syringe and the amount spread over a series of agar tubes 
or over agar plates the result might have been otherwise. 

While there is more or less uncertainty in the detection of pest bacilli 
intra vilam in the enlarged glands and in the blood of plague patients, 
no such difficulty is experienced in the pneumonic form of the disease. 
The blood-streaked sputum in such cases is, according to the experience 
of numerous observers, invariably rich in bacilli. A case of primary 
pneumonic plague which resulted from accidental laboratory infection 
was recently under my observation, and in this instance a microscopical 
examination gave an early and definite diagnosis. 

In the investigation at San Francisco the Commission was fortunate 
enough to meet with six cases of plague. Three of these cases were 
seen during life, and the other three were not seen until after death. 
In not one of these cases did the attending physician, whether Chinese 
or white, call the attention of the city Board of Health to the possibility 
of plague being present. Indeed, this has been the history of nearly 
all the known plague cases in San Francisco. It was in view of the 
difficulty of obtaining reliable reports from the Chinese as to their sick 
as well as the difficulty of making satisfactory diagnoses of plague dur¬ 
ing life, or even post-mortem, that the Commission was led to formulate a 
recommendation which seemed to them of the very greatest importance. 
It was recommended that every Asiatic who had fever should be sus¬ 
pected as a case of infection with plague until the disease was proved 
to be other than plague, and every dead body should be treated as a 
plague cadaver until a bacteriological examination had proved the 
absence from the body of the bacillus pestis. 

A bacteriological examination of the enlarged glands, if there are 
such, should be made. In several of the bodies examined at San Fran¬ 
cisco the glands contained enormous numbers of pest bacilli, whereas in 
others they were less abundant. On the other hand, the spleen in five 
out of six coses was exceedingly rich in plague bacilli, and in only one 
case (Case VI.) were these present in such small numbers as to be 
easily overlooked in a cursory examination. Nevertheless, a guinea-pig 
inoculated with this spleen died in the usual time. This experience 
indicates the necessity of recourse to animal inoculation whenever the 
microscopical examination fails to give a direct and unequivocal answer. 
In this connection I may cite the experience of the German Commission, 
which, by means of the animal experiment, repeatedly demonstrated the 
presence of plague bacilli, although microscopically and culturally they 
could not be detected. 
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Streak preparations from the spleen or glands were usually stained 
with Loffler’s methylene blue or with carbol-thionin. Where care is 
taken to avoid overheating the specimen while fixing little difficulty is 
experienced in obtaining the characteristic bipolar stain. Inasmuch 
as methylene blue is likely to overstain it should not be allowed to act 
for more than a few seconds. A typical preparation from a plague 
cose will show enormous numbers of pest bacilli which are invariably 
single. (See Figure.) These should be examined under as high a 



power as possible. A ^ oil-immersion objective and No. 4 eye-piece 
will show clearly the rounded ends of the short, thick bacillus, and in 
addition will bring out definitely the bipolar character. As is well- 
known, the plague bacillus is not stained by Gram’s method. 

The typical short, thick. bacillus is the only form met with when 
perfectly fresh organs of man or of animals are examined. When, 
however, the autopsy was delayed for some hours after death, as was 
not iufrequeotly the cose, a peculiar modification was to be seen. A 
preparation made from such material would show, beside the usual 
bacilli, large oval or roundish bodies which may be considered as involu¬ 
tion forms. These peculiar modifications, as a rule, do not stain evenly, 
but instead show a light centre surrounded more or less completely by 
a deeply-stained ring or border. Because of this peculiarity they have 
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been spoken of not inaptly as “ dough-nuts.” These degenerative forms 
were met with in considerable number in several of the cases studied by 
the Commission, and were absent in but one instance (Case VI.). It 
may be stated incidentally that the German Commission met with these 
same degenerations in Bombay. As already indicated, the “ dough¬ 
nut” form can be produced in animals, provided these be kept for 
twelve to twenty-four hours in a warm place. As is well-known, the 
plague bacilli are remarkably prone to develop roundish, pear-shaped, 
or yeast-like involution forms on dry, and especially on salt, agar. 

The isolation of the plague bacillus from the fresh cadaver offers, as 
a rule, no special difficulty. It is very important to have a slightly 
alkaline medium, inasmuch as even a faint acidity exerts a marked 
inhibitory effect. This fact is often demonstrated in the laboratory in 
a most unwelcome way when such media after profuse inoculation with 
unquestionably viable cultures show no sign of growth. Agar plates 
or tubes streaked with fresh tissue invariably, yield good growths, pro¬ 
vided that the number of pest bacilli in such tissue is not too small. 
When only a few organisms appear to be present it is advisable to use 
a larger amount of material for inoculation. As a matter of fact, even 
when the tissues are extremely rich in pest bacilli the number of 
colonies which develop on agar is often considerably smaller than 
might be expected, showing that many of the organisms are consider¬ 
ably enfeebled. This condition is especially met with when tissues are 
derived from animals which have been dead for .many hours. The 
involution forms which are present in such cases are apparently in¬ 
capable of development on artificial media. 

The inoculation of such material, however, into a susceptible animal 
will cause death, and from the fresh organs thus obtained cultures can 
be readily secured. As will be indicated presently, the guinea-pig can 
hardly be considered as among the most susceptible animals. 

The cultural characteristics are well-known, and need not be elab¬ 
orated upon in this connection. They are, moreover, described, though 
briefly, in the appendix. 

For the purpose of diagnosis the direct microscopical examination is, 
as a rule, sufficient. When, however, the pest bacilli are very few, or 
when other organisms are present which tend to mislead in the identi¬ 
fication, it is then necessary to resort to animal inoculation in order to 
arrive at a satisfactory conclusion. A portion of the gland or spleen 
should then be introduced under the skin of an animal. The common 
rat, in the experience of others, is by far the most susceptible animal, 
and should be used whenever possible. Inasmuch as rats were with 
difficulty obtainable at San Francisco, the experimental inoculations 
were confined to guinea-pigs, which usually died in from three to five 
days after such inoculation. Exceptionally, a guinea-pig may die in 
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thirty-six hours or even less, and I have repeatedly observed death to 
be delayed for ten or twelve days. This is especially true when pure 
cultures rather than bits of tissue are introduced into the animal. It 
may, indeed, happen that pure cultures, recently isolated from man or 
animals, will fail to kill guinea-pig3. 

The failure at times of pure cultures of pest bacilli to kill guinea- 
pigs indicates in the first place the labile character of the virulence of 
these organisms when grown on media which have an even slightly 
unfavorable composition or reaction. Moreover, it shows that the 
guinea-pig offers considerable resistance to infection, and that the sur¬ 
vival of such an experimental animal does not positively exclude the 
presence of plague bacilli. The virulence of these organisms can often 
be restored by frequent transplantation to fresh distinctly alkaline 
media, and especially by the use of the collodium sac method. 

The effects observed in guinea-pigs varied somewhat with the dura¬ 
tion of the disease. Where death occurred in less than two days little 
or no structural change was observable. Usually, as a result of sub¬ 
cutaneous infection, the inguinal or axillary glands were considerably 
enlarged. Inasmuch as the changes which take place in the glands, 
spleen, and other organs will be treated by Dr. Flexner, it will be 
unnecessary to describe these in this connection. I may add, however, 
that exceptionally well-marked pneumonia occasionally, though rarely, 
may be observed in guinea-pigs following subcutaneous injection. In 
one instance recently observed the pneumonic process was associated 
with pericarditis, the pus of which yielded a pure culture of plague 
bacilli. 

The direct detection of the plague bacilli in the tissues of the six 
cases studied in San Francisco, the cultural properties of the organisms 
isolated from these cases and the successful animal inoculations demon¬ 
strated the existence of the plague in that city. If any additional 
proof as to the nature of these organisms and of the disease existing 
there were necessary it has been recently furnished by the accidental 
development of a case of acute pneumonic plague in one of the workers 
in the Hygienic Laboratory of the University of Michigan. The young 
man referred to had been engaged for some months in the preparation 
of Haffkine’s vaccine and Lustig’s serum. 

A highly virulent California culture was employed in this work. 
In some unknown way, possibly through the use of a pipette or soiled 
finger, the organism was introduced into the mouth, and a very acute 
infection followed. The young man was taken sick on Wednesday 
evening, April 4th, and complained of intense backache. The tempera¬ 
ture rose in a few hour3 to 102° and more. Toward morning he 
vomited twice a greenish, bile-stained fluid. At noon that day I learned 
for the first time of his illness, and with Dr. Vaughan visited him in 
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the afternoon. When seen his temperature was 102.8° ; his eyes were 
bloodshot, and he complained of severe headache; the pulse was rapid, 
and the pulmonary distress was marked. It was clearly a very severe 
acute infection, and, knowing the kind of work he was engaged in, it 
was decided to give him at once an injection of Yersin’s anti-pest serum. 
Twenty c.c. of this serum were given at 4 o’clock that afternoon. At 
the same time the tonsils and the inside of his mouth were rubbed with 
swabs, and the material thus obtained was planted on agar, and cover- 
glass preparations were also made. These showed a large number of 
ordinary mouth germs, but nothing that could be identified as plague 
bacilli. The cultures, it may be added, when developed were likewise 
negative, and when injected into a guinea-pig had no effect. At 8 
o’clock in the evening the patient coughed up for the first time a small 
bit of blood-stained sputum. This was examined at once, and on 
staining showed plague bacilli. Accordingly the patient was removed 
immediately to the isolation hospital, and his room was locked up and 
thoroughly disinfected with formaldehyde. 

After arrival at the isolation hospital, with the knowledge that we 
had to deal with a case of acute primary pneumonic plague known to 
be almost invariably fatal, intravenous injections were decided upon 
as offering the only possible chance for recovery. Accordingly 20 c.c 
were injected intravenously at about 11 o’clock that night. The next 
morning, the temperature still persisting at about 104°, a second intra¬ 
venous injection of like amount was given. Even this showed no 
marked effect, and as the temperature reached 105.3° at one time, and 
the patient was becoming markedly apathetic, a third injection was 
mode. This time 20 c.c. were injected intravenously and 40 c.c. sub¬ 
cutaneously. All told, he received within twenty-four hours after he 
was seen by us 120 c.c. of serum, one-half of which was injected intra¬ 
venously. Within a few hours after the last injection the temperature 
dropped to 100°, and before the end of the third day of his illness it 
reached the normal. With the exception of an attack of heart failure 
caused by his attempt to sit up on the fourth day, and the serum 
effects, such as swollen joints and hives, which developed a week later, 
the patient made a complete recovery. Extreme cardiac weakness was 
a noticeable symptom, which persisted for more than two months after 
the onset of the disease. 

It should be added that the animal experiment eventually confirmed 
the original microscopical diagnosis. A guinea-pig inoculated with the 
sputum raised at the end of the first day (Thursday evening) died in 
four days of typical plague. It is further noteworthy that a second 
guinea-pig inoculated with sputum rich in plague bacilli which was 
raised Saturday morning after the temperature had fallen remained 
alive. 
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Appendix. 

Under this heading I have placed the description of the bacterio¬ 
logical work done on the six cases of plague which were studied in San 
Francisco by the commission. It should be stated that this matter 
forms part of the report of the commission as published in the Public 
Health Reports of the United States Marine Hospital Service. 

Case I.—Chun Ah Chou, 814 Washington Street; necropsy Feb¬ 
ruary 5th. The spleen and left femoral glands were examined. These 
organs were found to contain enormous numbers of bacilli having the 
morphological and tinctorial properties of bacillus pestis; thus the snort, 
thick, oval rods gave a bipolar stain of the Loffler’s methylene blue or 
with carbolic thionin and were decolorized by Gram’s method. Their 
pathogenicity was determined by inoculation of portions of the spleen 
and of a pure culture, subcutaneously, into guinea-pigs. 

Agar streaks made from the perfectly fresh organs showed many 
small white, moist isolated colonies, having all the appearance of those of 
bacillus pestis.. This was further confirmed bv microscopical examina¬ 
tion of living and stained preparations of such cultures. A few rapid 
growing colonies due to other forms of bacteria were present. Sub¬ 
cultures were made in glucose gelatin, bouillon, agar, salt agar, and milk. 
On agar in Petri dishes in twenty-four to forty-eight hours in the 
incubator, small white or grayish, moist colonies developed. These had 
finely granular centres, with a smooth, sharply defined border. 

The stab-culture in glucose gelatin developed a slight growth along 
the line of inoculation. On the surface the growth spread slightly, was 
grayish, moist in appearance, and had a t lightly wavy, raised border. 
No gas was formed. 

In bouillon, in twenty-four hours, a'diffuse cloudiness was produced. 
The sediment was very slight, scarcely appreciable. Subsequently, a 
faint stringy deposit formed. The surface remained perfectly clear 
with a trace of a ring or collarette. 

The streak cultures on nutrient agar presented a moderate grayish- 
white, moist growth which, when touched with a platinum wire, could be 
drawn out into strings. 

On 5 per cent, salt agar the growth is very slight, scarcely visible, 
and shows the peculiar roundish or pyriform involution forms of the 
pest bacillus. 

In miik the organism grows without producing any visible change in 
the medium. 

The absence of gas production and of coagulation of milk, .together 
with the macroscopical and ‘microscopical characteristics, agreed fully 
with the properties of bacillus pestis. The effects on animals have been 
described in a preceding part of the report. 

Guinea-pig No. 1 .—Was inoculated under the skin with a portion of 
the spleen from the above case. It died in thirty-six to forty hours. 
Cultures on agar made from the spleen and heart’s blood gave almost 
pure growths of the pest bacillus. Direct examination of the organs 
showed enormous numbers of typical plague bacilli. 

Guinea-pig No. 2 .—Was inoculated subcutaneously with a pure cul¬ 
ture obtained from the gland of above case. The animal died in three 
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days. Plague bacilli were very numerous in the spleen and inguinal 
glands, and were also present in the heart’s blood. 

Case II.—Lum Hong Yuen, 28 Ross Alley; necropsy February 
6th. Smear preparations from the spleen showed large numbers of 
short, thick rods, chiefly single ; some oval or roundish forms were also 
present. The organisms stained readily with Loffler’s methylene blue 
or with carbolic thionin. In the latter case the bipolar staining was 
excellent. The organisms were completely decolorized by Gram. 
Cover-glass preparations from the gland likewise showed very numerous 
bacilli, occurring singly, taking the bipolar stain, but not that of Gram. 
Agar cultures were made at the time of the necropsy in the under¬ 
taker’s shop of Main Fook. The cultural and morphological character¬ 
istics were the same as those observed in Case I. 

Guinea-pig No. 3 .—Received subcutaneously a portion of the spleen 
' from above case; died in five and one-half days. On autopsy the 
spleen was found markedly enlarged, full of white nodules which were 
also present in the liver and in the lungs. Cover-glass preparations 
from the spleen showed enormous numbers of bacilli, having all the 
characteristics of bacillus pestis. Agar slants were inoculated with 
the heart’s blood and spleen of this animal. The former yielded 
a slightly contaminated growth, but the culture from the latter was 
pure. 

Case III.—Wong Chi Lui, 21 $ Waverly Place; autopsy February 
7th. Streaked preparations from the spleen showed very numerous 
pest bacilli apparently in pure culture; the predominating form was 
the short, thick rod, although some oval or roundish forms were present. 
Loffler’s methylene blue and carbolic thionin stained the bacilli readily, 
demonstrating the characteristic bipolar form. The organisms were 
completely decolorized by Gram. Similar preparations made from one 
of the left femoral glands showed fewer organisms, but these in form, 
size, and staining reactious are identical with those found in the spleen. 
Cultures made on agar developed very slowly; on subsequent trans¬ 
plantation, however, the growth was more rapid, more abundant, and 
typical of that of bacillus pestis. 

Guinea-pig No. 4 -—Was inoculated subcutaneously with a portion of 
the gland from the above case. Death resulted in three and one-half 
days. Bacilli were numerous in the spleen and corresponded in char¬ 
acteristics to those of the plague bacilli. 

Guinea-pig No. 5 .—Was inoculated subcutaneously with a portion 
of the spleen; it was found dead three and one-half days later. 
Numerous plague bacilli were found in the spleen, heart’s blood, and 
glands. Agar streaks from the heart’s blood gave numerous small 
colonies of pest bacilli with a few larger colonies due to foreign organ¬ 
isms. The spleen gave numerous isolated small moist colonies, appar¬ 
ently a perfectly pure culture of the plague bacillus. Agar streak 
plates were made at the same time, and gave in twenty-four hours 
numerous minute colonies. 

Guinea-pig No. 6 .—A portion of the spleen from this case was intro¬ 
duced into the peritoneal cavity. Death resulted in four and one-half 
days. Pest bacilli were abundant in the internal organs and in the 
glands. Agar streaks from the heart’s blood gave a very limited 
growth, while that from the spleen was scarcely visible. In this and 
several other instances difficulty was experienced in starting the growth 
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of the organism directly from the tissues. Once started, however, with 
subsequent transplantations, better results were obtained. 

Guinea-pig No. 7 .—Was inoculated subcutaneously with a loopful 
of a pure culture obtained from Guinea-pig No. 5. It died in two and 
one-half days. Necropsy revealed a hemorrhagic oedema, and cover- 
glass preparations of this showed pest bacilli mixed with numerous 
minute diplococci and streptococci. The spleen was large and soft, 
contained nodules, and on staining cover-slips therefrom enormous 
numbers of typical plague bacilli, apparently perfectly pure, were 
found. No diplococci were present. 

Case IV.—Tom Shorn, 814 Washington Street; necropsy, February 
11th. During life some fluid was aspirated by means of a sterile 
syringe from the swelling in the right femoral region and transferred 
to nutrient agar. Blood was also drawn from the lobe of the ear and 
planted on agar. Stained preparations made from these specimens 
failed to demonstrate the presence of any organism. Cultures developed 
pyogenic cocci, but failed to give any indication of pest bacilli. On 
necropsy, the femoral glands, though characteristic of plague, were 
found not markedly enlarged. It was evident that the aspirating 
needle, when introduced, had missed the gland proper, and the failure 
to isolate the pest bacillus during life in this case can thus be explained. 
It should be noted that the periglandular tissue was but very slightly- 
involved. Streaked preparations made from the hemorrhagic gland 
showed relatively few typical plague bacilli. A long, thick bacillus 
was present in small numbers. Gram’s stain was negative. Streaked 
preparations from the spleen showed the pest bacillus to be present in 
large numbers and apparently pure. The organisms occurred singly, 
gave the bipolar stain, and were decolorized by Gram. 

Guinea-pig No. 8 .—Was inoculated subcutaneously with a portion 
of the spleen from this case. Six and a half days later, though healthy 
in appearance, it was killed. A circumscribed caseous local lesion was 
found. There was a slight glandular enlargement on the same side. 
The spleen was slightly enlarged and showed white nodules. Pest 
bacilli having the short rod and oval form were present in small 
numbers. 

Case V.—Ung Ah Buck, St. Louis Alley; necropsy, February 
12 th. Cover-Blip preparations from the cervical glands showed the 
presence of several distinct organisms. The short, thick, oval forms of 
the pest bacillus were present in small numbers. With them was asso¬ 
ciated a large thick bacillus; there were also bacilli present resembling 
the bacillus diphtherise and a diplococcus closely resembling that of 
Fraenkel. The pest bacilli gave the usual bipolar stain with methylene 
blue and with carbolic thionin. Specimens stained by Gram’s method 
showed deeply stained diplococci, the other forms being decolorized. 
Smear preparations from the spleen showed many organisms resembling 
the bacillus pestis morphologically. 

Agar streaks from the fresh spleen gave a number of discrete moist 
colonies which consisted of large, oval, non-motile bacilli, occurring 
singly and only occasionally in pairs ; the streak cultures from the cer¬ 
vical gland also gave numerous isolated colonies. In both cases the 
cultures obtained were apparently perfectly pure and agreed in every 
respect with those of plague bacilli. The other bacteria seen in cover- 
slips did not grow. Agar plates yielded the same results. 
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Guinea-pig No. 11.—Was inoculated subcutaneously with a spall 
portion of the spleen from above case. In about three days the animal 
was very sick and was finally killed five and one-half days after inocula¬ 
tion. Bacillus pestis was found in the spleen and to a less extent in 
the blood. 

Case VI.—Foong Ah Fong, 747 Sacramento Street; necropsy, 
February 12th. Streaked preparations from the spleen revealed the 
presence of pest bacilli, although these were not very abundant; indeed, 
they were difficult to find in cover-slips. Typical bipolar staining rods 
and oval, roundish forms were, however, found. Gram’s stain was 
negative. 

Streak cultures were made with the fresh spleen on agar slants, and 
at the same time agar plates were made. Tne agar streaks failed to 
give an appreciable growth, but on the plate a colony was found which 
corresponded to that of the plague bacillus. On microscopical exam¬ 
ination it was observed to consist of small, short, oval, non-motile rods, 
which decolorized by Gram. The colony transplanted to agar gave a 
typical growth of pest bacilli, and this culture was used to inoculate 
guinea-pig No. 10. 

Guinea-pig No. 0.—Received a portion of the spleen of Foong Ah 
Fong subcutaneously. It died in four and one-half days. . The spleen 
contained enormous numbers of pest bacilli, which stained in the usual 
bipolar manner and were decolorized by Gram. The heart’s blood like¬ 
wise contained the organism. Cultures were made on agar from the 
spleen and heart’s blood of this animal; both gave numerous small, 
moist colonies of bacillus pestis. 

Guinea-pig No. 10 .—Was inoculated subcutaneously with the agar 
culture mentioned above. It was killed two and one-half days later. 
The spleen showed only a few but characteristic pest bacilli. Under 
the skin there was but slight local change and a few typical bacilli 
were found. 

The bacteriological examination of the foregoing six cases has, there¬ 
fore, demonstrated the presence of the bacillus pestis in each. 


A CASE OF MALARIAL NEPHRITIS, WITH MASSING OF 
PARASITES IN THE KIDNEY . 1 

By James Ewing, A.M., M.D., 

PROFESSOR OP PATHOLOGY, CORNELL UNIVERSITY MEDICAL COLLEGE, NEW YORK CITY. 

The frequent occurrence of renal lesions in malarial fever was 
described long before the discovery of the malarial parasite, and has 
been very constantly recognized throughout the progress of our know!- 
edge of the disease. 

Owing to the studies of Rempicci in Italy and of Thayer in America 
it is unnecessary to again review in detail the contributions of the 


Read before the Association of American Physicians, Washington, May 2,190L 



EWING: MALARIAL NEPHRITIS. 


427 


various observers in this important field. On the evidence collected 
and largely contributed by these two writers one may now state with 
confidence that albuminuria is nearly constantly present in pemiciouB 
lestivo-autumnal infections and is frequently observed in the milder 
tertian cases. Of greater interest and importance are the rather 
numerous records of distinct signs of an acute exudative process in the 
kidneys, usually in oestivo-autumnal cases, less often in tertian infec¬ 
tions, and consisting in the presence in the urine of epithelial and 
granular casts, many blood cells, as well as considerable albumin. 
Although the milder changes in the urine may develop, according to 
Rempicci, either during or shortly after the acute attack, it would seem 
that the more severe urinary signs can be safely attributed to the 
malarial infection only when arising in the course of a pronounced 
acute seizure. 

Recovery has usually followed the acute symptoms, but Kelsch and 
Kiener, Laveran, Marchiafava and Bignami, Rempicci, and Thayer 
have described various types of chronic nephritis occurring in long- 
established or chronic cases of malaria, while Kelsch and Kiener state 
that the chronic nephritis of malaria is distinguished from other types 
by the prominence of hemorrhages and the comparative absence of 
fatty and hyaline degeneration and of arterial changes. 

The acute nephritis of malaria is almost never immediately fatal, so 
that the pathologist must speak with reserve regarding the origin and 
significance of many of the cases of exudative nephritis commonly 
attributed to malaria. In view of the frequent clinical reports of the 
presence of considerable albumin, many casts, and of blood cells in the 
urine, and less often of rederna and mild uramie signs in the disease, it 
seems certain that during severe malarial infection a true exudative 
nephritis is sometimes excited. Even in the absence of pathological 
examination of the kidneys these symptoms may with some confidence 
be referred to congestion of vessels, acute degeneration of cells, and 
exudation of serum and diapedesis of red cells from the bloodvessels, all 
dependent upon the action of the malarial toxin upon the renal tissue. 

Coming, now, to the fatal cases of pernicious malaria in which there 
has been a microscopical examination of the kidney, the conditions 
found in this organ in all except hiemoglohinuric cases have been very 
uniform. The lesions observed have been those of a severe acute degen¬ 
eration of the cortical tubule cells, with moderate exudation of albumin 
into the tubules and glomeruli. 

The chief contributions in this field have come from Guamieri, 
Marchiafava and Bignami, Monti, Bastianelli, Barker, and Benevenuti. 
In all of the reports of these observers the nephritis has been clearly of 
toxic origin, while the number of parasites found in the kidney has been 
small, although they were usually very numerous in other tissues. The 
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single exception to this rule is found in one of Barker’s cases, in which 
death and probably the recent changes in the kidneys were principally 
referable to general infection by streptococcus pyogenes Here the 
renal capillaries were frequently thrombosed by masses of streptococci 
and large numbers of tertian parasites. This case cannot, therefore, be 
regarded as one of malarial nephritis, but rather as an example of 
pyaemia or septicaemia terminating the usual benign course of a tertian 
malarial infection. 

The invariable freedom of the kidney from localization of parasites in 
pernicious cases cannot be attributed to the phagocytic powers of this 
organ, which enjoys only a moderate capacity to destroy parasites. 
Guarnieri, who noted the small number of parasites in the kidneys of 
his and other cases, referred this comparative immunity to the rapid 
circulation of the organ. 

The examination of the records of microscopical examinations of the 
kidneys in malarial fever fully warrants the latest conclusions of 
Marchiafava and Bignami regarding the origin of the renal changes in 
pernicious malaria, which are as follows, quoting from their article in 
the Twentieth, Century Practice: 

“ As to the pathogenesis of the renal lesions in malarial infections, 
we are at present able only to form theories. The knowledge of the 
parasite has so far thrown no light on the pathogenesis of the nephritis. 
In pernicious infections very few parasites are found in the kidneys 
even when the changes in the epithelium may be so grave as to lead to 
necrosis. From this fact we may infer that the lesions are due not to 
a localization of parasites in the renal capillaries, but to some toxic 
substance eliminated by the kidneys.” 

My own experience in the examination of fourteen fatal cases of 
malaria, seen mostly at Montauk in 1898, fully accorded with the above 
conclusion, as I found, usually, extensive degenerative changes in the 
kidney, once the lesions of hsemoglobinuric malaria, but comparatively 
few or no parasites in the renal vessels. The present case, recently 
encountered, developing in the vicinity of New York, showing the 
clinical symptoms of acute hemorrhagic nephritis, with partial suppres¬ 
sion of urine, and'giving clear microscopical evidence of extreme mass¬ 
ing of parasites in the kidney, with various mechanical lesions resulting 
from their presence, seems to require a reversal of the above conclusion, 
and appears to show that malarial nephritis may be caused principally 
or in large part by the presence of an excessive number of parasites in 
the renal capillaries. 

Clinical History. The patient was a friendless girl, aged seventeen 
years, a Slav, who had been in America one year. She had enjoyed 
good health until going as a servant to College Point, Long Island, in 
July, 1900. She was discharged early in September on account of an 
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alleged “ inability to work,” and this fact, together, with a distinct 
pallor and slight jaundice, noted on her return to the city, indicate that 
she had suffered for some weeks from malaria contracted on Long Island. 
On September 12th she was taken acutely ill, with chills and fever, ana, 
being without the help of a physician, she became steadily worse until 
brought by an ambulance to the hospital, on September 17th. 

On admission the patient was well nourished; tongue moist, slightly 
coated, prostration marked. Physical examination of lungs, heart, and 
liver was negative. The area of splenic dulness was enlarged, but the 
organ was not palpable. There was slight oedema of the legs. The 
urine, voided naturally in moderate quantity, was described as of high 
color, clear, acid in reaction ; specific gravity, 1018; urea, two and 
one-half grains to the ounce; albumin, 2 per cent, by volume; sugar 
absent. Microscopically there were noted: epithelial cells, many red 
blood cells, and amorphous urates ; diazo reaction marked. Tempera¬ 
ture 104.2 3 ; pulse, 98. On September 18th there was vomiting of 



food and medicines; constipation relieved by enemas; and retention of 
urine with marked diminution in its quantity, which continued until 
death. Delirium developed on September 19th, and was controlled by 
morphine, sulphoual, and choralamid, given at intervals, on the 19th 
and 20th. On the 19th she vomited a round worm and was given at 
intervals three doses of santonin, three, five, and fifteen grains, without 
any change being noted in the urine, stools, or conjunctiva. Delirium 
continued on the 20th, and, the pulse failing steadily, she became 
comatose and died at 9 p.m. The four-hourly temperature-chart is ap¬ 
pended. The clinical diagnosis was typhoid fever, with acute nephritis. 

Autopsy , by Dr. Otto Schultze, thirteen hours after death. Body 
well nourished; rigor well marked. Heart normal. An ounce of 
straw-colored fluid in pericardium. A few ecchymoses in visceral peri¬ 
cardium. Lungs: Few old pleural adhesions. A few ecchymoses in 
visceral pleura. Liver appeared normal. Pancreas normal. Stomach 
normal. Ileum congested, solitary follicles moderately swollen. Colon 
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congested. Spleen much enlarged. Weight, sixteen ounces; consistence 
firm ; Malpighian bodies prominent; pulp dark red. Kidneys together 
weighed sixteen ounces; consistence reduced; capsule free; cortex 
remarkably light in color; medulla and papilke extremely dark, and 
slightly rust-colored ; cortical markings entirely obscured. In the 
cortex of the right kidney there is a superficial anaemic infarct with 
surrounding hemorrhagic zone. This infarct measures 34x2 cm. in 
area, and 2 mm. in depth. 

Anatomical Diagnosis . Acute hemorrhagic nephritis. 'There was 
still no suspicion of malarial infection. Cultures of liver, spleen, and 
kidney yielded bacillus coli and putrefactive species. 

Through a misunderstanding, all the viscera, except the kidneys, were 
thrown away. The kidneys were hardened in 5 per cent, formalin and 
examined microscopically. 

Microscopical Examination of Kidneys. After the malarial infection 
was suspected, on account of the peculiar pigmentation of the glomeruli 
and straight vessels, thin sections cut in celloidin and paraffin were 
stained most successfully by Nocht’s method, as employed for blood 
smears. This was the only method by which I could secure a blue color 
in the bodies of parasites lying in red cells stained deeply by eosin. 
For this purpose sections remained in the dye for twenty-four hours, 
and were then slightly decolorized in alcohol, and cleared in oil of 
cajuput. The chromatin, however, was not stained. The changes de¬ 
monstrated by this and other methods were of a most remarkable type. 

The lining cells of the convoluted tubules were almost entirely de¬ 
stroyed, not by erosion, but by extreme swelling and degeneration, 
apparently of hydropic type. (Fig. 1.) 

These tubules were thereby distended and uniformly filled by an 
indiscriminate mas3 of vacuolated cell detritus in which pyknotic nuclei 
were irregularly scattered. All the cortical tubules were about uniformly 
affected. The glomeruli contained a moderate number of pigmented 
cells and a few parasites within the capillaries, while the capsules were 
distended by granular coagulum. The small cortical vessels were almost 
invariably collapsed, and to this perfectly bloodless condition must be 
ascribed the whitish color visible in the gross. Occasionally a capillary 
was found distended with a mass of pigmented parasites. 

In the medulla the lining cells of all tubules were markedly eroded. 
In this region most of the capillaries were filled, and many were dis¬ 
tended with masses of infected red cells and pigmented parasites which 
had nearly destroyed the red cells. (Fig. 2.) Many of the distended 
capillaries were ruptured, and the tissue wa3 studded with miliary hem¬ 
orrhages, about some of which a few leucocytes, mostly mononuclear, 
were gathered. The parasites were of small and very uniform size, but 
richly pigmented. They were identical in appearance with the full- 
grown forms of the restivo-auturanal parasites seen in sections of tissue 
of other cases in which these parasites were identified in the blood dur¬ 
ing life. Very few rings or rosettes could be discovered, so that the brood 
was unusually compact. (Fig. 3.) Their numbers and compact massing 
were similar to what I have seen in other fatal cases in which the para¬ 
sites were massed in the brain, heart muscle, or bone-marrow. The dis¬ 
charging tubules were distended with casts, usually coarsely granular, 
sometimes entangling infected red cells and pigmented leucocytes. 
Some infected red cells lay free in the lowest discharging tubules. 




Convoluted tubules end Malpighian body. X 230. 
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The infarcted area in the right kidney was in an early stage of 
coagulation necrosis. All the capillaries about this area and many 
within it were distended with blood cells, most of which contained para¬ 
sites and pigment. Many of the vessels leading to this area were dis¬ 
tended to two or three times their natural calibre by thrombi of infected 
red cells. The infarction is clearly referable to the plugging of small 
vessels, mostly capillaries, by thrombi of infected red cells. The number 
of parasites in this cortical zone and throughout this section of the 
medulla was greater than I have ever seen in any other tissue. 

The following summary presents the lesions observed in the kidneys: 
Extreme and peculiar degeneration of lining cells of all cortical tubules. 
Distention of capsules of glomeruli by granular albuminous coagu- 
lura. Occlusion of rao3t cortical capillaries by the distended tubules. 
Large superficial red and white infarction, from occlusion of vessels by 
thrombi of infected red cells. Numerous miliary hemorrhages, from 
rupture of distended capillaries. Distention of nearly all capillaries in 
medulla and papillae by infected red cells and parasites. Casts in dis¬ 
charging tubules, consisting usually of coarsely granular material, but 
sometimes entangling- infected red cells and pigmented leucocytes. 

Epicritical. The following questions arise concerning the signifi¬ 
cance of the above findings: 

1. Is it possible to draw any conclusions regarding the significance 
of the renal lesions on account of the failure to examine the other 
viscera microscopically ? 

2. Is the present case a true example of massing of aestivo-auturanal 
parasites in the kidney comparable to the cases in which they have been 
found massed in the brain in comatose cases, in the gastro-intestinal 
tract in choleraic cases, in the heart muscle in cardiac cases, or in the 
marrow as observed in a case of pernicious anaemia ? 

3. What is the origin of the extreme degeneration of the cortical 
tubules? 

1. To the first question there can be no hesitation in answering that 
the renal lesions are in themselves sufficiently distinct to stand as the 
chief feature of the case. Doubtless there were many parasites in the 
other viscera, but where pigmented parasites are extensively massed in 
any tissue gross evidence of their presence may be detected in the exces¬ 
sive pigmentation and extreme blood content of that tissue. No such 
evidence being present in the gross appearance of any other viscus, it is 
safe to conclude not only that the kidney contained an excessive pro¬ 
portion of parasites, but that they were not excessively numerous in 
any other locality. The clinical features of the case also support this 
belief. 

2. It is equally clear that the case is one of true malarial nephritis 
in which a peculiar hemorrhagic character of the lesion is referable to 
the mechanical effects of massing of parasites in the renal tissue. This 
lesion is not to be classed with the usual type of renal lesion in malaria, 
which is an acute degeneration referable to the general toxsemia of the 
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disease, and in which comparatively few parasites have heretofore been 
found in the kidney. Enormous numbers of parasites in the capillaries, 
thrombosis of many vessels, and multiple hemorrhages are the specific 
lesions observed when the parasites have been massed in the brain, 
gastro-intestinal tract, heart muscle, and marrow. 

3. The extreme degeneration of the cortical tubules seems also to be 
a somewhat peculiar feature of the present case. In the reported cases 
of malarial nephritis of purely toxic origin the degeneration of tubule 
cells has often been extreme, but it has always been of a different type 
from that described above. In fourteen cases which I have examined 
the degenerative changes have always been much less advanced and of 
a different type from those of the present case. Although much of the 
change in the tubule cells was doubtless owing to the general toxsemia 
of the disease, I am inclined to refer the peculiar character of the process 
and its extreme degree to the presence of so many parasites in the 
tissues acting principally through obstruction of the circulation. 

Finally, it is important to consider the possibilities of diagnosis dur¬ 
ing life of this type of malarial nephritis. From the clinical examina¬ 
tion of the urine and the microscopical appearance of the discharging 
tubules in the kidney it seems probable that a diagnosis of this type of 
malarial nephritis may be established during life on the following evi¬ 
dence, to be obtained from the urine. Partial or complete suppression 
of urine; considerable admixture of intact red cells; a considerable pro¬ 
portion of albumin; the presence of many coarsely granular, epithelial, 
and some blood casts; the presence of infected red cells, both free and 
adherent to casts, and of pigmented leucocytes adherent to casts. 

The present case, while demonstrating the existence of a specific type 
of malarial nephritis, yields no new indication why the sestivo-autumnal 
parasite selects certain viscera for its chief attack, and demonstrates no 
new character in the pathogenic action of this protozoon. 

There is no known reason why the bronchopulmonary mucosa, or 
that of the colon, or the serous membranes, or the skeletal muscles, should 
not suffer in the same way as do the brain, the gastro-intestinal mucosa, 
the heart muscle, and the marrow. The kidney may be specially 
exempt on account of its rapid circulation, as suggested by Guamieri, 
but apparently it does not’always escape. The actively phagocytic 
viscera, the liver, and spleen, seem capable of rapidly destroying the 
enormous influx of parasites which frequently reaches their capillary 
systems. Yet the lymphoid marrow, with ils more complex circulation, 
is known to be less resistant than the spleen and lymph nodes. 

These two factors, however—rapid arterial circulation and active 
phagocytic powers—seem to be the only qualities which can preserve a 
tissue from occasional overwhelming growth of the zestivo-autumnal 
parasite. 
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Microscopical examination of the kidneys of fatal cases of malaria 
has, then, yielded evidence of three main types of acute renal lesions 
occurring in this disease. * 

1. Acute degeneration of toxic origin, often reaching a degree in 
which exudation of blood serum into the tubules is added. This lesion is 
responsible for the vast majority of the cases of albuminuria in malaria. 

2. An extreme form of acute degeneration, with focal necroses, 
numerous hemorrhages, and exudation into the tubules of blood serum 
and blood pigments. This lesion is seen in cases of hsemoglobinuric 
malarial fever, and it has not yet been found associated with an exces¬ 
sive number of parasites in the capillary vessels. 

3. Massing of parasites in the renal capillaries, with extreme degenera¬ 
tion of parenchyma cells, multiple hemorrhages, and exudation of blood 
serum into the tubules. It seems certain that this type of lesion can 
occur only in severe sestivo-autumnal infections. 

There is anatomical evidence that in the pernicious aestivo-autumnal 
cases the three types of lesions may be variously combined, but no good 
reason for believing that with the benign tertian infection occurring in 
this latitude any other than the first type can exist. 
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INFLUENZA AS A CAU3AL FACTOR IN ACUTE MASTOIDITIS 
AND THE EARLY TREATMENT. 1 

By James Francis McCaw, M.D., 

WATERTOWN, N. Y. ; 

OCULIST, AD BIST, AND LARYNGOLOGIST TO THE CITY H03PITAL AND JEFFERSON COUNTY ORPHAN 
ASYLUM : MEMBER OF THE AMERICAN LARYNGOLOOICAL, KHINOLOGICAL, AND 
OTOLOGICAL SOCIETY, ETC. 

. The importance of the relation of influenza or la grippe to acute 
mastoiditis has been fully demonstrated, to my satisfaction at least, by 
the number of cases coming under observation within the past few 
years. Reviewing the literature of acute mastoiditis, one is impressed 
with the fact that the large majority of cases are associated with or 

1 Read before the Eastern Section of the Laryngologies!, Rhinological, and Otological 
Society, at Buffalo, N. Y., Jnne 21 and 22,1901. 
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immediately follow epidemics of influenza. To be clearly understood, 
I will state in the beginning that it is accepted that mastoid complica¬ 
tion following influenza is consequent upon tympanic infection; there¬ 
fore, in all of these cases we have to deal with a tympano-mastoiditis. 
I am convinced that the mastoid antrum at least is involved in most, if 
not all, grippal infections of the middle ear; the further extension 
would seem to depend upon the character and virulence of the infec¬ 
tion, and possibly upon its association with other infection, the age of 
the patient, and our proper estimate of the early treatment. Influenza 
is defined as an infectious disease due to Pfeiffer’s bacillus, and char¬ 
acterized by inflammatoiy symptoms of the respiratory tract, digestive 
and nervous systems, accompanied by prostration and a marked ten¬ 
dency to complications. The conditions found in the upper respiratory 
tract concern us most, on account of the direct bearing upon our sub¬ 
ject. The phenomena found here are irregular; in some the mucous 
membrane is thickened, irritated, and swollen; pain and discomfort 
complained of, out of all proportion to the appearances; in other cases 
we find a more intense congestion of the mucous membrane, less swell¬ 
ing, and a tendency to the formation of small blood clots here and there 
over the surface. I speak of these to call attention to the fact that 
the writer in his experience has found practically the same peculiar 
differences in middle-ear complications following grippal infection, and 
which we think have a direct bearing upon the character of the mastoid 
involvement. It has been my good fortune to see, in the last three epi¬ 
demics of influenza, a large number of cases of complicating otitis media 
and mastoiditis, and I have been forced to the conclusion that there is a 
great difference in these two varieties of infection. The former is apt 
to come on during convalescence or following the attack; the patient 
complains of an uncomfortable feeling in the ear, gradually changing 
to severe pain in from twelve to twenty-four hours. Examination 
usually reveals the membrana tympani moderately congested, no decided 
bulging, and, to all appearances, a mild case of otitis media. From 
this time on the character of the case changes ; there is developed mas¬ 
toid tenderness on deep pressure, or the slightest suspicion over the tip, 
or it may be absent entirely. Bulging of the membrana flaccida be¬ 
comes very pronounced, and the pain excruciating. There is in these 
cases an almost simultaneous invasion of the tympanum, antrum, and 
cells with the infectious and suppurative process, and their integrity is 
rapidly encroached upon. After incision of the membrana tympani, 
regardless of the thoroughness with which it is done, there is a continued 
copious purulent discharge. The amount and rapidity of pus forma¬ 
tion is astounding. The incision fails to take on a reparative process, 
the lips remain open, pouting, and, in some, necrotic, the whole picture 
giving one the impression of a very active suppurative process in tissue 
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of low vitality. I have teen very fee of this type of cases e>cape an active 
and rapid involvement of the mastoid. The latter variety we find coming 
on more often during the attack; the patient complains of sudden 
severe pain in one ear, followed, it may be in two or three days, by the 
same in the other. There may be a slight blood-tinged serous dis¬ 
charge and some mastoid tenderness. Examination in these cases gives 
us an entirely different picture; the membrana tympani is intensely 
congested, with small hemorrhagic areas over its surface, which appear 
to be between the layers of the membrane, giving it the appearance of 
marked bulging. I have seen this hemorrhagic condition extending 
well along the cutaneous covering of the bony canal. These cases, while 
to all appearances they would indicate a much more severe condition, 
in the writer’s experience have yielded more readily to conservative 
measures of treatment. Influenza, as a causal factor in tympano-mas- 
toiditis, is being recognized, and its importance given much considera¬ 
tion by some of our best observers. Kyle, in a paper read before the 
Southern Section of this Society last December, is very explicit on this 
point. He says : “ This iufection has a curious way of affecting and 
penetrating certain tissues, cavities, and locations of the mucous mem¬ 
branes which is peculiar to itself. I have seen following the attack of 
a grippe, or associated with it in most rapid succession, an involvement 
of the middle ear, this involvement being of an infectious nature and 
rapidly going on to suppuration. I have seen both middle cars in¬ 
volved, with associated involvement of both mastoids, the involvement , 
being rapid and virulently infectious.” Knapp says: “ The grippe 
is a frequent cause of mastoid caries,” and reports a number of cases 
in support of his views. 

A point of great importance to be kept in mind in dealing with this 
particular infection is the great rapidity of its progress and its usually 
virulent nature. The writer called attention to this fact in a paper 
read before the Jefferson County Medical Society, July, 1600, and pub¬ 
lished in the Laryngoscope, February, 1901. I can do no better than 
quote my words at that time : “ There is great necessity of a thorough 
examination in all cases of suppurative middle-ear disease with a view 
of determining the extent of the process, and especially so in cases com¬ 
plicating influenza, as I have come to look upon this particular infection 
with greater anxiety regarding the dangerous complications than any 
other we have to deal with. When once beyond the tympanic cavity 
its virulence is shown by rapid destruction of the mastoid walls, and if 
not relieved by surgical interference it is apt to involve the meninges 
and brain in a purulent inflammation.” 

In my humble opinion I believe la grippe infection is responsible for 
more cases of acute suppurative mastoiditis than either scarlatina, 
measles, or diphtheria. My clinical experience bears me out fully in 
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this statement. The results of Perez, in his recent experiments with 
Pfeiffer’s bacillus to determine the influence of virulent cultures upon 
traumatism, do not agree with clinical experience. He made a number 
of inoculations—150 injections in all—into the different cavities and 
organs of the body, and in all obtained equally unsatisfactory results. 
The peritoneal and pleural cavities, brain, eye, ear, and joints were all 
successively injected. But five cases of purulent otitis occurred after 
twenty injections of the middle ear. From his results the author 
expresses the belief that Pfeiffer’s bacillus does not cause infection, but 
an intoxication, and its pathogenicity is due to a toxin. This may 
explain the difference in the different varieties of tympano-mastoiditis 
referred to above; it may be that in one we have an inflammation due 
to the inoculation of the Pfeiffer bacillus alone, whereas in the other 
variety it may be associated with a pyogenic organism, and the virulence 
of each thereby increased. The rapidity of the invasion and destructive 
process would indicate some such combination of influence. Although 
a great deal has been said and written in the past few years on the early 
or abortive treatment of acute mastoiditis, it would seem to me that 
from the number of different views and different methods employed 
there is still ground for discussion. I have used the Lei ter ice-coil or 
ice-bag advised by McKemon ; heat externally and hot douching, 
advocated by Roosa; leeching, as recommended by Bacon, with rest, 
cathartics, etc., and found each has its advantages in certain selected 
cases. I would strongly emphasize the fact that in the early treatment 
of these cases we should not expect to take any one method and apply 
it indiscriminately to every case of acute tympano-mastoiditis that 
comes under our observation any more than we would take one method 
and apply it in any other class of cases. Great care should be exercised 
in selecting our cases for this or that method of treatment, for much 
depends upon good judgment in the early stage. This fact alone, I 
think, will explain in a measure the great discrepancy in the results 
obtained by different observers when using the same line of treatment. 
If we see these cases early and can separate them into the types which 
I have endeavored to make clear much can be done in an abortive 
way. My best results have been obtained in what I will term the 
hemorrhagic type, by rest in bed, free catharsis, leeching in front of the 
tragus and over the mastoid, and hot douching of the canal every two 
hours. I do not here incise the membrane. The writer is well aware 
that this method of hot douching has been severely criticised, and it is 
said the tissues macerate, making perforation more liable; but in my 
hands this has not been the case, and I have found that it has given 
me the largest percentage of recoveries. These are the cases wherein 
I feel we are justified in applying abortive measures. It is my impres¬ 
sion that in this variety of acute otitis we have the same condition of 
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the mucous membrane of the antrum and possibly the cells that we 
find in the tympanum. Whether my impression be true or erroneous, 
a considerable number of these cases recover under abortive treatment, 
be it ice-bag, heat, or leeching. 

In'the other variety, or that of grippal infection with suppuration, 
the writer is equally radical, as he would appear conservative in the 
hemorrhagic variety. From the fact that suppurative influenza otitis 
almost always runs an acute course up to the inception of the dangerous 
complications, and being convinced that the antrum is early invaded 
by the suppurative process and, in rapid succession, the mastoid cells, I 
do not feel justified in prolonging conservative treatment. Early and 
.free incision of the drum membrane, warm douching every two hours 
for cleansing purposes, rest, and catharsis, constitute my early treat¬ 
ment. In my experience if this does not yield palpable results in 
thirty-six to forty-eight hours the case will be one for surgical inter¬ 
ference. To prolong conservative measures is to jeopardize the welfare 
of our patient. The writer is convinced that it is not a wise plan to 
apply the ice-coil in any case where the mastoid is involved in a puru¬ 
lent inflammation, from the fact that it will mask the symptoms and 
lead us astray in estimating the extent of the process, and before it is 
realized our patient is beyond the border-line of safety. I think each 
one of us, in operating early on acute cases, must have been surprised 
to find the amount of destruction which had taken place in so short a 
time. I have seen the entire mastoid in a purulent and necrotic con¬ 
dition, with involvement of the facial nerve and complete facial par¬ 
alysis, in one week from the first ear symptoms. It is generally agreed 
that a pyogenic disease of the mastoid is a dangerous condition ; there¬ 
fore, if we feel satisfied that such exists it is, I believe, our duty to 
immediately open the mastoid cells and not try to palliate or abort an 
already dangerous condition. In those cases where we are in doubt 
and where conservative treatment has proved inefficient, it would seem 
that an exploratory operation, spoken of by Dench at our recent annual 
meeting, would be justifiable. The operation, per se, is practically 
devoid of danger in the hands of an ordinarily skilful operator, and 
aside from the cosmetic effect I can see no valid objection to it. 

In conclusion, I wish to emphasize the fact that in influenza we get 
two distinct types of tympano-mastoiditis: First, the suppurative, 
which invades the tympanum, antrum, and cells almost simultaneously 
in an unusually virulent and destructive process, which calls for early 
surgical treatment and in which abortive measures are contraindicated. 
Second, the hemorrhagic, with very pronounced symptoms at first, but 
which yields readily to abortive measures, and, in the writer’s experi¬ 
ence, only about 5 per cent, go on to suppuration requiring radical 
interference. 



WE8TCOTT: PH0TEID9 IN MILK MIXTURES. 439 


A METHOD FOR THE DIFFERENTIAL MODIFICATION OF THE 
PROTEID3 IN PERCENTAGE MILK MIXTURES. 

By Thompson S. Westcott, M.D., 

IN8TECCTOE IN DISEASES OP CHILDREN, UNIVERSITY OP PENNSYLVANIA. 

In a monograph on “ The Scientific Modification of Milk, recently 
published (International Clinics , October, 1900), the writer has given 
numerous formulce for calculating the proportions of the various milk- 
derived fluids required in making percentage mixtures. These include 
combinations of cream and whole milk, cream and separated (fat-free) 
milk, gravity cream and its separated (under) milk, cream and whey, 
and simple cream dilutions. 

In all these combinations, except indirectly in the all-cream-and-whey 
mixtures, the total proteids alone are considered in working out the 
modified proteid percentage, and thus the relative proportions of lactal- 
bumin and caseinogen that are found in the basal milk and cream are 
not susceptible of variation in these ordinarily employed modifications. 
In the cream and whey mixtures, which are made by diluting creams 
of various fat percentage with pure whey, the proportion of lactalbumin 
is considerably increased as compared with that obtained in the other 
milk combinations containing the same total proteid percentage; but 
until recently no means of obtaining definite percentages of lactalbumin 
and caseinogen has been devised. 

A preliminary note upon such a method 'was communicated by the 
writer to the Philadelphia Pediatric Society at its meeting in October, 
1900, About the same time the problem was undertaken by the 
Walker-Gordon Laboratory Company, following the experimental work 
of Franklin W. White and Maynard Ladd, of Boston, who have given 
a partial exposition of the subject in a valuable paper of recent date 
(Philadelphia Medical Journal, February 2, 1901). In this communi¬ 
cation the possibilities of the method are touched upon, but no definite 
rules for its practical application are suggested. The object of the 
present paper, therefore, i3 to describe a simple method for obtaining 
definite percentages of lactalbumin and caseinogen in combination with 
definite fat and sugar percentages. 

One of the great difficulties in artificial feeding with ordinary milk 
and cream mixtures lies in the large proportion of caseinogen that must 
be given to the infant in order to provide a sufficiently rich proportion 
of the proteid elements. The writer has elsewhere shown 1 that satis¬ 
factory nutrition in a child, aged three or four months, cannot be 

1 The Scientific ModiBcatlon of MUk," IntenmUonal CUnlca, October, 1900, p. 200. 

VOL. 122. NO. 4.—OCTOBER, 1901. 29 
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expected from a mixture containing leas than 1.50 per cent, of combined 
proteids, and by a simple calculation it can readily be proven that in 
the ordinary milk and cream dilutions containing this percentage of 
proteids, fully 1.20 per cent, consists of caseinogen, just about twice as 
much as is found in human milk, to say nothing of physical differences 
in this body as it exists in cow’s milk, which render it much less readily 
digestible by the human suckling than is human caseinogen. 

Again, the analysis of human milk proteids shows an average per¬ 
centage of only 0.59 caseinogen with fully 1.23 lactalbumin (Koenig), 
while cow s milk contains at least 2.48 per cent, caseinogen with only 
0.66 per cent. lactalbumin (Van Slyke). This large excess of lactal¬ 
bumin over caseinogen in human milk naturally suggests that the 
former proteid body is much more important for the needs of the grow¬ 
ing infant than is the caseinogen, which forms less than one-third the 
total proteid percentage. It is, therefore, evident that if the analysis 
of mother s milk is to be used as a standard for the composition of 
milk mixtures for the artificial feeding of young infants, account must 
be taken of this wide divergence in the proportions of the two prin¬ 
cipal proteid bodies in the cow’s milk. 

Any r dilutiou of cow’s milk that brings the caseinogen percentage 
down to a figure corresponding with that found in human milk (0.59), 
say one part of milk to four parts of water, reduces at the same time 
the lactalbumin percentage of the mixture to something like 0.13, 
about one-tenth of the amount found in the human breast secretion. 
If, then, lactalbumin must be considered au important element of the 
breast milk proteids, such a reduction of its percentage in an artificial 
mixture constitutes a grave defect in the ordinary methods of modifica¬ 
tion based simply upon a reduction of the total proteid percentage. 

Even in a mixture in which the total proteids are made about 1.50 
per cent, the percentage of lactalbumin would be only 0.30, a pro¬ 
portion which is still but a fourth of the normal lactalbumin percentage 
of mother’s milk, while, as has already been shown, the caseinogen 
percentage is still twice as large as the normal. 

It is quite possible that in certain cases in which breast milk produces 
indigestion in the nursing infant some change in the relative propor¬ 
tion of caseinogen may be at fault, and may constitute one of the altera¬ 
tions to which we rather vaguely apply the term “ disturbance of 
equilibrium.” If it were possible definitely to modify this percentage 
for the individual case maternal feeding might be kept up when other¬ 
wise it becomes necessary to wean the infant from what in other respects 
appears to be a desirable maternal supply. This, it must be confessed, 
is a purely theoretical suggestion upon which no definite analytical 
investigation has been carried out, but it serves to emphasize the 
importance of greater flexibility than has been previously afforded for 
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the delicate manipulation of the proteid percentages in artificial feed¬ 
ing, with which at present we are exclusively concerned. 

It is thus made manifest that a simple cream, milk, and water mix¬ 
ture, in which total proteids alone are considered, does not fulfil the 
demand for wider latitude in a regulation of caseinogen and Iactal- 
bumin percentages, and that another milk-derived fluid is needed to 
permit of increase in the deficient lactalbumin percentage, just as cream 
serves to raise the unduly low percentage of fat resulting from dilution. 
Such a fluid is whey, which contains fully 1.00 per cent, of proteids 
other than caseinogen, the latter having been removed from the milk in 
the process of whey preparation. Whey has always occupied a place 
in infant diet, but its possibilities have as yet attracted little attention 
in modern methods of feeding, except in the writings of Kehrer and 
very recently in those of Monti. 1 Its proteids consist almost entirely 
of lactalbumin, with a very small proportion of lactoglobulin, and per¬ 
haps other soluble proteids in minute quantities. These bodies collec¬ 
tively have been termed the whey-proteids by White and Ladd ( loc . eft.). 
The term, however, is rather awkward, and, since lactalbumin forms 
almost the entire proteid content of the whey, it seems best to speak of 
the whey-proteids specifically as lactalbumin, and as such the term will 
be hereafter used. v 

There is thus presented the problem of combining cream, milk, whey, 
sugar of milk and a diluent in such proportions as to furnish definite 
percentages of fat, caseinogen, lactalbumin, and sugar within the limits 
of practical possibility. 

The keynote of such a modification is to be found in the ratio exist¬ 
ing in cow’s milk between the normal percentages of caseinogen and lact- 
albumin. According to Koenig’s well-known analyses, which give 2.88 
per cent, caseinogen to 0.53 lactalbumin, this ratio is seen to be nearly 
5} to 1. White and Ladd (loc. cit .) have essayed to establish a new 
ratio between caseinogen and whey-proteids obtained from the milk of 
the Walker-Gordon Laboratory of Boston, and in several analyses 
found that the total proteids averaged 3.84 per cent., of which 0.90 
per cent, was whey-proteids and 2.94 per cent, caseinogen. This 
average of analysis, it will be observed, gives the percentage of 
total proteids of whole milk considerably higher than that usually 
obtained, with a percentage of whey-proteids far beyond that of any 
other analysis with which the writer is familiar in the literature. It is 
also noteworthy that the percentage of total proteids in the Boston milk 
is considerably higher than that obtained by Leffmann in Walker- 
Gordon milk from the PJainsboro dairy, the percentage of which for 
nine months has averaged about 3.3 (statistics Pediatric Society Milk 
Commission). The ratio between caseinogen and whey-proteids thus 

1 Archival KJnderheilk., Bd. xxxi., Heft 1 and 2. 
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deduced by White and Ladd is therefore about 3 to 1; and it is to be 
presumed that upon this ratio the laboratory has based the calculations 
for its so-called whey-cream modifications, which, according to these 
investigators, are made from 32 per cent, cream, fat-free milk, fat-free 
whey, and a very concentrated solution of milk sugar. 

An examination of the literature shows that in 1893 Van Slyke 
{Journal of tke American Chemical Society , November, 1893, p. 605) 
reached the following conclusion : That in analyses of whole milk the 
caseinogen has varied from 1.93 to 3, and averages 2.48; that the 
albumin has varied from 0.55 to 0.86, and has averaged 0.66 per cent. 
This percentage for the lactalbumin also agrees very closely with that 
given by Blyth {Foods: Composition and Analysis , second edition, p. 
208), who asserts that the albumin is quite fairly constant and averages 
0.70. Van Slyke states that milk rarely contains five parts of casein 
to one of albumin, and not often doe3 the ratio go above 4J to 1, and 
seldom goes below 3 to 1, while the average is somewhat under four 
parts to one. This proportion also agrees very closely with the estima¬ 
tion previously made by Leeds. 

We have thus a rather varied estimation of this important ratio, 
ranging from Koenig’s 5} to 1, to Van Slyke’s and Leeds’ 4 to 1, down, 
finally, to White and Ladd’s 3 to 1. Since White and Ladd’s ratio of 
3 to 1 is based upon what they speak of as “ several analyses ” only, it 
would seem more satisfactory for the present to use Van Slyke’s average 
ratio of 4 to 1, which is based upon a considerable number of analyses 
of milk from American dairies. 

A feature of decided interest brought out by White and Ladd’s study 
is the fact that whey contains about 1.00 per cent, proteids, which is 
slightly higher than Koenig’s estimate of 0.86 per cent. This higher 
figure, too, agrees with analyses published by the United States Depart¬ 
ment of Agriculture, which, as the mean of a large number of analyses 
of whey, gave a whey-proteid percentage of 1.00. White and Ladd 
have suggested that the whey should be made from fat-free milk, and 
they have thus obtained a fluid containing no fat with 1.00 per cent, 
of lactalbumin and about 4.8 per cent, sugar. This suggestion is of 
special value since, in the first place, it decidedly simplifies the some¬ 
what tedious calculations necessitated by the use of a whey containing 
a small percentage of fat, and, in the second place, it makes for economy 
in permitting the use of fat-free milk, which in a way is a waste- 
product of the dairy, and can be obtained from the laboratory at a very 
moderate cost. 

The modification which is now to be described is made from cream 
(usually 16 per cent., sometimes 20 per cent., and very rarely 32 per 
cent.), whole milk, fat-free whey, and a diluent, or from various com¬ 
binations of two or three of these fluids, to which is to be added the 
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amount of sugar in dry form required to bring up the sugar percentage, 
and, if desired, lime-water to produce the necessary alkalinity. It is 
quite evident that when all three milk-fluids are combined the fat of 
the finished mixture will be supplied by the cream and the milk, the 
caseinogen by the cream and the milk, and the lactalbumin by the 
cream, by the milk, and, usually in greatest part, by the whey. Sugar 
is contributed by all three of these milk-fluids, and by the added sugar 
of milk. 

It will be observed that the milk and the cream supply all the casein¬ 
ogen and a portion of the lactalbumin. The proportion of lactalbumin 
thus supplied must bear the normal ratio to the amount of caseinogen, 
or, in other words, the milk and cream supply the desired caseinogen 
percentage plus a portion of the desired lactalbumin percentage equal 
to one-fourth of the caseinogen percentage. The balance of the lact¬ 
albumin percentage, if any remain to be added, will therefore be 
fu rnish ed by the whey. The practical problem thus becomes quite a 
simple one. 

Calculation of Formula. The following symbols will be used in the 
calculations: 


P = the desired fat percentage. 1 

C = 

quantity of cream in ounces. 

K = 

caseinogen per ct. 

M = 

“ 

milk 

A = “ 

lactalbumin “ 

Wh= 

“ 

whey “ 

s — 

sugar “ 

ii ii ii 

« 

dry sugar of milk 

in ounces, 
diluent “ 

total mixture “ 


To these are to be added two intermediate values : 

P' = percentage of combined proteids supplied by milk and cream. 

A/ — “ of lactalbumin supplied by whey. 

The first step is to derive values for P' and A'. These are readily 
found, since we know that the milk and cream furnish all the caseinogen 
percentage plus a part of the lactalbumin percentage equal to one-fourth 
of the caseinogen' percentage ; and the percentage of lactalbumin to be 
furnished by the whey is what remains after deducting from the total 
desired lactalbumin percentage the percentage already supplied by the 
milk and cream. We thus find : 

(1) P' = K + i K 

(2) A' = A -1 K 

Having found the value of A', the quantity of whey is very simply 
calculated by the proportion A': 1.00 :: Wh : Q, whence the equation : 
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The quantities of milk and cream are next found by substituting P' 
for P in the regular formula : l 

(4) P-= (F — PQQ 

12.4 or 16.8 or 29.2 

(6) M=Q>L!- —4or5or8XC 

4 


The quantity of diluent will be found by subtracting from the total 
quantity of mixture the combined sum of the quantities of cream, milk, 
and whey, thus: 

(6) W=Q — (C + M + Wh) 

The formula for sugar gives the amount of dry sugar of milk in 
ounces to be added : 

/7) r — Q X S — (4 C + 4.4 M + 4.8 Wh) 

100 

For the sake of simplicity this formula may be expressed with 
sufficient accuracy: 

r._ Q X S — 4.4 (C + M + WM 

100 

In the modifications suggested by White and Ladd a 32 per cent, 
cream is used in combination with a separated (fat^free) milk. This is 
quite feasible in the laboratory, but for home modification so rich a 
cream cannot easily be obtained, and is generally unnecessary when 
whole milk instead of separated milk is used in combination with it. 
For the ordinary combinations a 16 per cent, cream will be found 
sufficiently rich. It is only when the milk formula (5) works out a 
negative value that a higher fat cream is required, and for the majority 
of such formula a 20 per cent, cream will be found rich enough. 

If, however, it is desired to make the modification with fat-free milk 
instead of whole milk, formula (4) and (5) become ;* 


(40 

(5') 


c= QXF 
16 or 20 or 32 

m _QX P 7 — (3.6 or 3.2 or 2.8) C 
4 


In these formula, 16 and 3.6, or 20 and 3.2, or 32 and 2.8 are to be 
taken as 16, 20, or 32 per cent, cream is used. 

One or two examples will show how readily these calculations can 
be made. 


1 For an explanation of the derivation ol formate (4), (5). and (7), the reader is referred to the 
author’s monograph on the subject (IntemaUonal Clinics, November, 1900, p. 233). When 16 
per cent, cream is used the divisor in (4) is 12.4, and the coefficient of C in (5) Is 4. When 20 
per cent, cream is required 16.3 and 5 respectively are to be used; and with S2 per cent cream 
29.2 and 8 are similarly to be chosen. 

* International Clinics, November, 1900, p. 256. 



\f ESTCOTT: PE0TEID8 IN MILK MIXTURES. 445 


Example I. Required the proportions of whole milk, 16 per cent, 
cream, whey, and sugar to give a modified formula containing fat, 3.50; 
caseinogen, 0.80 ; lactalbumin, 0.50, and sugar, 6.00 in a total mixture 
of forty ounces. 

Here (1) becomes 

P'= 0.80 + 0.20 = 1.00 
and (2) A'= 0.50 — 0.20 = 0.30 

Therefore, we obtain at once from (3) 

Wh = 0.30 X 40 = 12 oz. 

By substituting in (4) the value obtained for P' we get 

n _ (3.50-1.00) 40 _ 

12.4 

and, therefore, 

m _3.5 q X 40 _ 4 x g = 35 _ 32 = 3 oz. 

4 

The quantity of diluent is found by substituting these values in (6): 
W = 40— (8 -f 3 + 12) = 17 oz. 

The quantity of dry sugar of milk to be dissolved in the diluent before 
combining the ingredients is found by substituting in (7): 

40X<5-(4X8 + 4.4 X 3 + 4.8 X 12) _ 240 - 102.8 _ ,, 

100 100 ® 

The modification would, therefore, be made after the following recipe: 

Cream 16 per cent.).8 oz. 


Milk.3 “ 

Whey.12 “ 

Diluent.17 “ 


Dry sugar of milk . . . . . . . l'J “ 

If desired, lime-water may be added to produce an alkaline reaction 
in the proportion of 5 to 10 per cent, of the mixture. Thus two to four 
ounces of 'the diluent may be replaced by an equal quantity of lime- 
water. 

If separated milk were used in place of whole milk we should have 
from (4') and (5') : 

C = 40 X 3.50 _ oz 
16 

40 — 31.5 ai 

M =---= oz. 

4 

The quantity of whey would remain the same as in the previous 
example, since the value of A' would not be affected by variations in 
the values of G and M. 
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Example IT. Required the proportions of 16 per cent, cream, whole 
milk, whey, and fugar to give a modified formula of forty ounces con¬ 
taining fat, 3.00 ; caseinogen, 0.40 ; lactalbumin, 0.75 ; sugar, 6.50. 

Here, as before, we obtain : 

P' = 0.40 + 0.10 = 0.50 

A' = 0.75 — 0.10 = 0.65 
Therefore, Wh = 0.65 X 40 =26 oz. 

f— (3 — 0.50) 40 
12.4 

M = 3X_40_ 4 xg__2oz. 

4 

This result shows that a 16 per cent, cream contains too low a pro¬ 
portion of fat, and, therefore, a higher-fat cream roust be used. A 20 per 
cent, cream will serve the purpose, and thus using 16.8 as a divisor in 
(4) and 5 instead of 4 as a coefficient of C in (5) we obtain : 

Wh= 0.65 X 40 = 26 oz. 

c = (3-O.SO)40 =;6oz 
16.8 

M _3X 4°_ 5 x 6=0 . 

4 

Jj — 40 X 6.50 4X6 _ 

100 

and W = 40 — (26 + 6} = 8 oz. 

Practical Limitations of this Modification. It is quite evident that in 
any mixture containing whey the percentage of lactalbumin could not 
exceed 1.00, and could never quite reach this figure, since cream or milk 
added to the mixture to supply fat would have the effect of diluting the 
whey and thus reducing the lactalbumin percentage below 1.00. This 
loss could not be entirely made good by the added milk or cream, since 
the lactalbumin percentage of milk or cream is only one-fifth of its 
total proteids. 

It is therefore important to determine the limits within which case¬ 
inogen and lactalbumin percentages may be modified. In the first 
place, the lowest possible percentage of lactalbumin will be obtained 
when A' is equal to 0, which is seen to be the case when A = J K. It 
is also evident that the lowest possible caseinogen percentage will be 
obtained when the ratio between fat and caseinogen is such as to require 
only cream and no milk in the modification. By taking a value for 
P' in terms of K from (1), we obtain : 

_ 5K 
4 


( 8 ) 



WESTCOTT: PBOTEID8 IN MILK MIXTURES. 447 

This value of F may now be substituted for P in a formula repre¬ 
senting the relation between P and F in a mixture containing 16 per 
cent, cream and no milk : l 



(9) 

P = 0.225 F, 

and we obtain 


= 0.225 F, 
4 

or 


5K = 0.90 F; 

and 

(10) 

K = 0.18 F; 

and therefore 

(11) 

A = 0.045 F. 


It thus becomes evident that the lowest possible percentages of casein- 
ogen and Iactalbumin are conditioned by the percentage of fat desired. 
For example, when the fat percentage is 3.00 the lowest caseinogen 
percentage will be 0.18 x 3 = 0.54, and the lowest Iactalbumin per¬ 
centage will be 0.045 X 3 = 0.135. Such a formula should work out 
as a simple cream dilution, without milk or whey; thus, for forty 
ounces: 

P' =0.54 + 0.135 = 0.675 

A/ =0.135— 0.135 = 0. 

Wh= 0 X 40 = 0. 
c= (3-^5Hp = 7i0Z> 

m = 40X3_ 4x7 j = o. 

4 

If a 20 per cent, cream be used we may substitute the value of P' 
from equation (8) in the formula expressing the relation between F 
and P in 20 per cent, cream dilutions :* 



(12) 

P = 0.16 F; 

and we obtain 


^• = 0.16 F, 

4 



5K = 0.64 F, 

and 

(13) 

K = 0.128 F ; 

and therefore 

(14) 

A = 0.032 F. 


Thus,-for 3 percent, fat the lowest possible caseinogen percentage 
from 20 per cent, cream is 0.128 X 3 = 0.384, and the lowest lactal- 
bumin percentage is 0.032 X 3 = 0.096. 

In like manner, for 32 per cent, cream the minimal values for K and 
A for any percentage of fat are found to be: 

(15) K = 0.07 F, 

(16) A = 0.0175 F; 

and thus for 3 per cent, of fat the minimum caseinogen percentage is 
0.21 and the minimum Iactalbumin percentage is 0.0525. 

i For derivation of formal® (9), (12), and (15), the reader la referred to the author's mono¬ 
graph, p. 253. * IW4- 
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Starting from such minimum percentages of caseinogen and lactal- 
bumin in simple cream dilutions, increasing values may be obtained as 
milk and whey are added to the mixture. 

The maximum value for caseinogen would be reached when both 
forms of proteid were furnished by milk without additional cream, the 
quantity of milk, and consequently the caseinogen percentage, being 
conditioned as before by the fat percentage. This would obtain when 
the value of C in formula (4) becomes 0, which requires that 

F = P'. 

By substituting here the value of P’ from (8) we obtain : 



(17) K= 0.80 F. 

This signifies that for any fat percentage the maximum caseinogen 
percentage is four-fifths as great; thus for 3 per cent, fat the maximum 
caseinogen percentage is 2.40. 

The maximum lactalbumin percentage that may be combined with a 
maximum caseinogen percentage for any definite fat percentage will 
be obtained when whey without additional water forms the diluent, the 
total percentage of caseinogen being furnished by whole milk. This 
condition is expressed by the equation : 

Wh = A'Q = Q — M. 

Referring to formula (6) it will be seen that when C is 0 the equa¬ 
tion for milk becomes: 

m = Q?. 

4 

This value for M, substituted above, gives: 


A' from (2) 

A'Q = Q — whence by dividing out Q, 

A' = 1 — and by substituting the value of 

A- * = 1* 

4 4* 

or (18) 

A = l-1 + E 

4 ~ 4 * 


which expresses the maximum value of A for any value of F which 
determines a maximum value for K. If the value of K in terms of F, 
as derived from (17), be substituted, we obtain finally: 

A = 1 — ^ + 1 = 1 — 0.05 F. 

4 5 


( 19 ) 
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Thus under the conditions of the problem it is evident that the maxi¬ 
mum value for the lactalbumin percentage when F is 1.00 and K is a 
maximum is 0.95; when F is 2.00, it is 0.90; when F is 3.00, it is 
0.85, and when F is 4.00, it is 0.80. 

It is quite obvious that when K is less than a maximum for any 
definite fat percentage the lactalbumin percentage may be slightly 
higher than the figures just given, since a somewhat larger amount of 
whey could be used to make up for the decrease in the quantity of milk 
and cream required to give a lower than a maximum caseinogen per¬ 
centage. The maximum limit of the lactalbumin percentage under 
these conditions will be attained when all the diluent is whey, which 
thus is equal to Q — (M -f C). 

By a similar but considerably more complicated calculation than that 
by which (19) is derived, we can finally deduce for 16 per cent, cream 
and whole milk mixtures : 

(20) A = 1 — 0.0524 K — 0.008 F; 
for 20 per cent, cream, 

(21) A = 1 — 0.0476 K — 0.012 F; 
and for 32 per cent, cream, 

(22) A = 1 — 0.0496 K — 0.010 F, 

each of which expresses, for the strength of cream used the maximum 
value for the lactalbumin percentage for any definite fat and caseinogen 
percentage. The results obtained by working out these values of A 
for definite fat values when minimal values for K are used, show that 
the possible maximal lactalbumin percentage can be increased above 
that possible for maximal caseinogen values by quantities varying from 
0.03 at the lower end of the scale to 0.11 at the upper limit. This, of 
course, is only possible when there is no watery diluent. Since, how¬ 
ever, a small quantity of water is useful in dissolving the additional 
sugar of milk, which does not dissolve readily in the milky fluids, it is 
preferable to restrict the lactalbumin percentages to something less 
than those that can be obtained theoretically. For practical purposes 
the figures given in the last column of the following table, which are 
only possible with the minimum caseinogen percentages, may be slightly 
reduced to those given in the third column as obtainable with maximum 
caseinogen percentages, and these latter can always be obtained with 
any caseinogen percentage between the minimum and maximum values. 
Thus, for 3 per cent, of fat, lactalbumin percentages between 0.06 and 
0.85 may be obtained with any possible caseinogen percentage, the 
limits of which are given in the second column of the table (0.21 to 2.40), 
provided, always, that the desired lactalbumin percentage shall not fall 
below one-fourth of the caseinogen percentage. 
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Table showing the Maximum and Minimum Values of Peecentages 
of Caseinogen and Lactalbumin obtainable with any Definite 
Fat Pebcentage. 


Fat percentage. 

Range of possible caseinogen 
percentages. 

Range of possible lact¬ 
albumin percentages. 

Maximum 
lactalbnmin 
percentage 
for minimum 
caseinogen 
percentage. 


(0.18 

(16 per ct.) 


0.045 

(16 per ct. 


0.98 

1.00 . 

-(0.128 

(20 *• 

to 0.80 

0.032 

(20 “ 

>to 0.95 

0.98 


(,0.07 

(32 « 

J 

0.0175 (32 “ 

j 

0.98 


(0.225 

(16 “ 


0.(66 

(16 “ 

) 

0.97 

1.25 . 

■l 0.10 

(20 •« ] 

Vto 1.00 

0.040 

(20 •• 

>to 0.93 

0.97 


to. 0875 (32 “ ) 

! 

0.0218 

(32 •• 

J 

0.98 


(0.2/ 

(16 " ) 


0.0675 

(16 » 


0.97 

1.50 . 

1 0.192 

( 20 " j 

to 1.20 

0.048 

(20 - ; 

^ to 0.92 

0.97 


(.0.105 


i 

0.0262 

(32 “ 

f 

0.97 


(0.315 

(16 “ ) 


0.0787 

(16 ** 


0.96 

1.75 . 

^ 0.224 

(20 “ 

y to 1.40 

0.056 

(20 “ 

Uo 0.91 

0.96 


(0.1225 (32 “ } 

J 

0.0306 

(32 “ 

J 

0.97 


fO.SG 

(16 “ ) 


0.09 

(16 « ) 


0.96 

2.00 . . 

-(0.256 

(20 “ J 

(to 1.60 

0.064 

(20 - j 

to 0.90 

0.96 


(.0.140 

(32 “ J 

i 

0.035 

(32 “ ) 

J 

0.97 


(0.405 

(16 ** ) 


0.10125(16 “ ) 


0.96 

2.25 . . 

1 0.288 

(20 <• 

(to 1.80 

0.072 

(20 “ j 

>to0.88 

0.95 


(0.1575 

(32 “ J 

f 

0.039 

(32 “ j 

J 

0.96 


(0.45 

(16 “ ) 


0.1125 

(16 “ ) 


0.95 

2.50 . . 

-(0.32 

(20 '• 

(to 2.00 

0.080 

20 “ ) 

S-to 0.87 

0.95 


(a 175 

(32 “ ) 

I 

0.04375(32 “ ) 

f 

0.96 


(0.495 

(16 “ ) 


0.12375(16 “ ) 


0.95 

2.75 . 

■(0.352 

(20 “ ) 

(to 2.20 

0.088 

(20 » ) 

y to 0.86 

0.95 


(0.1925 

(32 « ) 

r 

0.04812(32 “ ) 

) 

0.96 


(0.54 

(16 « ) 


0.135 

(16 - ) 


0.94 


< 0.351 

(20 ** ) 

(to 2.40 

0.096 

(20 •• ) 

y to 0.85 

0.94 


(0.21 

(32 " ) 


0.0525 

(32 ■« ) 

f 

0.95 


(0.585 

(16 “ )1 


0.14625(16 “ ) 


0.94 

3.25 . 

■(0.416 

(20 “ 

(to 2.60 

0.104 

(20 « ) 

y to 0.83 

0.94 


(0.2275 

(32 “ i 


0.05687(32 » ) 

f 

0.95 


(0.63 

(16 « )•] 


0.1575 

(16 “ ) 


0.93 

3.50 . 

0.448 

(20 “ ) 

(to 2.80 

0.112 

(20 “ 

>to 0.82 

0.94 


(0.245 

(32 " j 


0.06125(32 “ ) 

r 

0.95 

3.75 . 

(0.675 

(16 “ )1 


0.16875(16 “ ) 


0.93 

0.4RQ 

(20 “ ) 

>-t0 3.00 

0.120 

(20 “ 

y to 0.81 

0.93 


(.0.2625 

(32 jj 


0.06565(32 “ ) 

f 

0.94 


(0.72 

(16 » 


0.18 

(16 “ ) 


0.93 


0.512 

(20 “ ) 

to 3.20 

0.128 

(20 “ ) 

to 0.80 

0.92 


(0.28 

(32 “ )J 


0.07 

(32 “ ) 


0.94 


A glance at this table will show the limits within which differential 
modification of proteids is possible. For example, a mixture containing 
2.50 fat, 1.00 caseinogen, and 0.50 lactalbumin can be worked out by 
the formulas already given, but the same combination of fat and casein¬ 
ogen with only 0.20 lactalbumin could not be obtained, since the 
lactalbumin is less than one-fourth of the caseinogen. If 0.25 lactal¬ 
bumin be chosen, the problem becomes a possible one. 
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From the various hypotheses just made in working out maximum 
and minimum values it appears that these mixtures may consist of 
simple cream dilutions; cream, milk, and water; cream, whey, and 
water; milk and water; milk, whey, and water; cream and whey; 
milk and whey; cream, milk, and whey; and cream, milk, whey, 
and water, any one of which may be required according to the 
relative percentages of fat, caseinogen, and lactalbumin demanded in 
the modification. The use of separated (fat-free) milk is also possible 
in certain cases in combination with cream, with cream and whey, or 
with cream, whey, and water. 

Reasoning conversely, it becomes evident that any of these various 
combinations of the milk fluids must contain definite percentages of 
fat, caseinogen, lactalbumin, and sugar ; and it is possible to accurately 
estimate in any mixture of known proportions of these fluids just what 
the various percentages are. The following formulae are necessary: 

£ X (16 or 20 or 32)* = fat percentage from cream. 

(23) For fat percentage < ^ _ 

I _Y4 = fat percentage from milk. 

IQ 

Sam of these = fat percentage in modification. 

f 9 . X (3.6 or 3.2 or 2.8)* X 4 — casanoBen per CL 

(24) For caseinogen ! Q 5 from cream. 

percentage i M X 4 X — = caseinogen percentage from milk. 

( Q 6 

Sum of these = caseinogen percentage in modification. 


(25) For lactalbumin 
percentage 


f £ X (3.6 or 3.2or 2.8)* X £ = lactalbumin perct. 
Q & from cream. 

I — X 4 X — = lactalbumin percentage from milk. 


x 1 = lactalbumin percentage from whey. 

(. Q . 

Sum of these = lactalbumin percentage in modification. 


A similar calculation would give the sugar percentage of tho modi¬ 
fication without taking into account the added sugar, or, if this latter 
be desired, a formula may be derived from (7) by transposition : 

100 L + 4C + 4.4M+4.8\Vh 
(26) o--- q 

This method of modiHcation, therefore, covers the whole range of 
modified milk mixtures, and eSects a definite modification of fat, casein¬ 
ogen, lactalbumin, and sugar within possible limits—a very decided 
advance over any method that hitherto has been proposed either in 
laboratory or in home modification. 


• One or other of these factors is to be taken as 16 per cent, 20 percent., or 32 per cent, 
cream Is used, 16 and 3.6,20 and 3.2, or 32 and 2.8, respectively, being required. 
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Practical Application of these Modifications. In practice the use of 
mixtures prepared under this system of modification has yielded the 
most gratifying results, especially with cream and whey, or milk and 
whey, or cream, whey, and water, or cream, milk, whey, and water 
combinations. In the most difficult cases, in which very low percent¬ 
ages of caseinogen are at first required, these combinations may be used 
in a sort of progressive series, beginning with a cream, whey, and water, 
or a cream and pure whey mixture. Then by a gradual increase of 
the caseinogen percentage secured by adding successive small quantities 
of milk, while the whey or water is decreased equally so as to preserve 
a constant total quantity of the mixture, the combination becomes one 
of cream, milk, and whey, or cream, milk, whey, and water; and if the 
decrease is confined to the whey alone, or if at the time the milk is in¬ 
creased the water is also increased while the whey alone is decreased, we 
after a time reach a point when the quantity of whey becomes so small, 
say six to eight ounces, that it may be omitted altogether, its bulk being 
supplied by the same quantity of water. Thus the mixture becomes a 
simple cream, milk, and water modification, from which, by continued 
increase of milk, decrease of water, and, after the fat percentage reaches 
4.00, by appropriate decrease of the cream, we finally reach whole 
milk. 

To put this in a concrete example, let us suppose by aid of the table 
we begin with a formula of fat, 2.00 ; caseinogen, 0.36; lactalbumin, 
0.50 (total proteids,0.86), and sugar, 5.00. This should require cream, 
whey, and water, the quantities of which for a forty-ounce mixture 
will be found to be cream (16 per cent.) five ounces; whey, sixteen 
and two-fifth ounces; water, eighteen and three-fifth ounces, and sugar 
of milk, one ounce. If this mixture is found to be well digested an 
effort may be made to increase the caseinogen percentage. This may 
be done in one of two ways: either a new formula may be calculated, 
say for 0.40 per cent, caseinogen, the other percentages being left as 
before, or a more complex change may be made by adding a small 
quantity of milk, which will slightly increase not only the caseinogen 
percentage, but also those of the fat, lactalbumin, and sugar. In gen¬ 
eral, an increase in all the percentages is desirable, especially when the 
initial formula has been made low in all its percentages. In the 
example the addition of a half-ounce of milk, with the decrease of a 
half-ounce in the quantity of water, will be found to add 0.05 per cent, 
to the fat, 0.04 per cent, to the caseinogen, 0.055 per cent, to the sugar, 
and 0.01 per cent, to the lactalbumin. The new mixture will, there¬ 
fore, contain cream, five ounces; milk, one-half ounce; whey, sixteen 
and two-fifth ounces ; water, eighteen and one-tenth ounces, and sugar 
of milk, one ounce, and its percentage equivalent will become: F 2.05; 

K 0.40 ; A 0.51, and S 5.055. 
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Of the two plans the latter is much to be preferred, since it permits 
frequent changes to be made without a recalculation of the quantities, 
and thus the mother can be given general instructions and can continue 
to increase the percentages of the formula without constant supervision. 
Suppose in this way she has gradually added milk and decreased water 
until her working formula stands: cream, five ounces; milk, ten 
ounces; whey, sixteen and two-fifth ounces; water, eight and three- 
fifth ounces, and sugar of milk, one ounce. By means of formulae (23), 
(24), and (25) it can be readily calculated that the percentage formula 
has now become : F 3.00 ; K 1.16 ; A 0.70 (total proteids, 1.86), and 
S 6.10—a very nutritious mixture differing little from that of a good 
average breast milk, except in the relative proportions of caseinogen 
and lactalbumin. A closer imitation could be made, if desired, by 
reducing the percentage of caseinogen and increasing that of lactal¬ 
bumin, say caseinogen 0.96 and lactalbumin 0.90, which a glance at 
the table shows to be a possible combination. 

In the formula as it now stands (F 3.00; K 1.16; A 0.70, and 
S 6.10) the lactalbumin percentage contributed by the whey—0.41—is 
rather too important to be sacrificed at this point, since the total proteid 
percentage without it would fall to 1.45, and we shall, therefore, con¬ 
tinue for a time to increase the milk and decrease the water; or, if it 
is desirable as quickly as possible to get rid of the necessity of pre¬ 
paring whey, the water may be kept at eight and three-fifth ounces, 
and the whey alone may be decreased step by step with the increase of 
the milk. 

By this plan the quantity of whey will be decreased while the 
lactalbumin percentage suffers little change, as can be shown: the 
increase of an ounce of milk will add 0.10 per cent, to the total proteids 
(or 0.08 to the caseinogen and 0.02 to the lactalbumin), while the 
decrease of an ounce in the quantity of whey will take away only 0.025 
from the lactalbumin, and thus the total lactalbumin percentage will 
be scarcely disturbed. Under this plan the addition of eight ounces 
of milk, with an equal decrease of whey, will add 0.80 per cent, to the 
total proteids, or 0.64 per cent, caseinogen, and 0.16 per cent, lactal¬ 
bumin ; while the decrease of eight ounces of whey will subtract 0.20 
per cent, lactalbumin, leaving the total lactalbumin at 0.66 per cent., 
only 0.04 below the previous formula. At this point the remaining 
eight and two-fifth ounces of whey, which contribute only 0.21 per 
cent, lactalbumin, may be omitted, its bulk being replaced by simple 
diluent. We have thus reached by gradual steps a cream, milk, and 
water modification of the ordinary kind, consisting of cream, five 
ounces; milk, eighteen ounces; water, seventeen ounces, and sugar, 
one ounce, containing these percentages: F 3.80; K 1.80; A 0.45 
(total proteids, 2.25); and S about 5.00, the withdrawal of the whey, 
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which is rich in sugar, having decreased the sugar percentage from 
6.10. If so desired this percentage may be increased by the addition 
of a quantity of sugar of milk to be determined by formula (7). 

Starting, now, from the cream, milk, and water combination, con¬ 
taining cream, five ounces ; milk, eighteen ounces, and water, seventeen 
ounces, the milk may be gradually increased until two ounces more are 
added to the milk and two ounces taken from the water. At this point 
the fat percentage becomes 4.00, which is as high as it is generally 
desirable to have it. Subsequent increase of the milk may be asso¬ 
ciated with a decrease of the cream, one drachm of 16 per cent, cream 
being omitted for each half-ounce of milk added, or one drachm of 20 
per cent, cream for five drachms of milk. By this device the fat is 
kept at about 4 per cent., while the proteid percentage goes on increas¬ 
ing until, when finally the quantity of milk reaches forty ounces, the 
cream and water have been replaced entirely by milk and the mixture 
becomes unmodified whole milk. 

This example shows one of many possible methods of varying the 
relative proportions of caseinogen and lactalbumiu in feeding a single 
case. If evidences of casein indigestion should appear in the stools the 
caseinogen percentage may be decreased, while the fat and lactalbumin 
percentages are varied according to indications. For example, by 
reference to the table, it will be seen that for 2 per cent.- fat a casein¬ 
ogen percentage as low as 0.14 may be obtained by using a 32 per 
cent, cream, and that even with a 16 per cent, cream the caseinogen 
percentage may be kept as low as 0.36. With this latter very low 
caseinogen percentage any lactalbumin percentage from 0.09 up to 0.96 
per cent, may be obtained, a resulting total of 1.32 per cent, of mixed 
proteids for the maximum lactalbumin percentage. With a higher 
percentage of fat, say 3.00, the caseinogen percentage may still be kept 
a3 low as 0.21 if a 32 per cent, cream be used ; and even with a 16 per 
cent, cream the percentage need not be higher than 0.54. 

In the severer cases of chronic gastric catarrh it will usually be found 
by observation that a low percentage of fat gives better results than a 
medium or high percentage (2.50 to 4.00), and in such cases a com¬ 
bination of milk and whey at first may be much better borne by the 
stomach than a cream and whey, or a cream, milk, and whey mixture. 
In such a modification the fat percentage and the caseinogen percentage 
are nearly equal, the latter being four-fifths of the former, as is indicated 
by formula (17); and, as larger quantities of milk are added, this 
same ratio of fat to caseinogen is maintained, the percentages being 
kept under control by means of formulae (23) and (24). After a time 
the fat may be increased more rapidly, if desired, by calculating out 
the quantities for any chosen percentage combination by means of the 
regular formula (1), (2), (3), (4), and (5). 
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Partial Predigestion. While digestive equilibrium can be secured by 
a sufficient reduction in the percentages of the proteids and fat, it must 
not be overlooked that an artificial mixture containing less than 1.50 
proteids doe3 not furnish what has been shown to be a satisfactory liv¬ 
ing ration for any but the youngest infant. It is true that life can be 
supported indefinitely upon a mixture containing a proteid percentage 
something more than 1.00, but, with this, satisfactory gain in weight 
and fibre cannot be expected after the first few weeks of life. A per¬ 
centage of 1.50 for the proteids must, therefore, be secured just as soon 
as the infant’s digestive powers will permit of it, and to this end partial 
predigestion of the mixture will give material aid. For example, an 
infant of four weeks who failed to digest satisfactorily a mixture con¬ 
taining 2.88 fat and 0.63 total proteids was enabled by partial pepton¬ 
ization perfectly to assimilate a mixture in which the total proteids 
were raised to 1.00. Such a gain in the proportion of proteids that can 
be assimilated fully justifies the resort to this expedient. In the more 
difficult cases partial predigestion of the cream and milk is often a very 
valuable help. Here the cream and milk, together with a portion of 
the diluent about equal in quantity to that of the cream and milk com¬ 
bined, may be partially predigested for eight, ten, twelve, or fifteen 
minutes at a temperature of 105° F., after which the mixture is rapidly 
raised to a temperature of 150° F. to check further action of the pan- 
creatin, and then cooled before the addition of the whey. Or, the whey 
may be added to the warm milk and cream mixture after peptonization 
has been carried on for five to seven minutes, and the process then con¬ 
tinued for five to eight minutes longer, after which rapid heating to 
150°. 

Preparation of the Mixtures . There is no question that the best and 
most accurate results are obtainable when the ingredients of the mixture 
are prepared and combined in the laboratory. If for various reasons 
this is impracticable, perfectly satisfactory results may be secured by 
home modification in the hands of an intelligent mother with materials 
supplied by the laboratory. 

Even in the absence of laboratory help very satisfactory results can 
be obtained by applying these principles of computation to the best 
materials that come to hand. While there will be divergences between 
the actual and theoretical percentages in the resulting mixture, the 
same flexibility of variation will be afforded, and relative increase and 
decrease in the initial percentages can always be effected, according to 
the demands of the case. The most important prerequisite is a cream of 
fairly constant fat percentage. This being given, the proteid percentages 
may be reckoned on the theoretical basis with comparative accuracy. 

For most of the modifications that will be used under these condi¬ 
tions two quart jars of whole milk a day will be sufficient, one to supply 
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the cream and the separated milk for making the whey, the other to 
supply the whole milk and to make up any deficiencies in the quantities 
of cream and whey obtained from the first bottle. Many specimens of 
bottled milk show a considerable rise of creaui even when first delivered, 
and a few hours of standing in ice or ice and salt will add considerably 
to the separation, which can be clearly seen at the top of the bottle. 
By means of a glass siphon the lower separated milk may be drawn off 
and kept for making the whey, while the upper creamy layer will be 
left in the bottle to be used as the cream. Whey made from this sepa¬ 
rated milk, while not entirely free from fat, will contain only a very 
minute percentage of it. 

The cream remaining in the bottle should be thoroughly stirred to 
obtain uniformity of composition, and samples of this should be taken 
for several days and analyzed for the fat percentage, an average of 
which should be taken for the fat percentage of the cream to be used 
in the modification. If this be impracticable it will be safe to assume 
for the purposes of calculation that it averages 16 per cent. After all, 
in any given case the actual percentage of fat in the mixture is not 
so important as the relative changes that may be made. If the infant 
can digest a certain proportion of fat, it does not matter whether it 
actually be 2.00 per cent, or 2.25 per cent. A relative increase or 
decrease of 0.25 per cent., for instance, would raise or lower either per¬ 
centage by about the Eame amount, and effect the desired change for 
this particular baby. The only disadvantage in dealing with uncer¬ 
tainties in the actual percentages of the component milk fluids of a 
mixture is that the physician cannot so sharply crystallize his experience 
in percentage feeding as to gain an accurate estimate of the significance 
of definite percentages as applied to digestive capacities. 

In preparing the whey the separated milk is warmed to a temperature 
of 100° F., and essence of pepsin, liquid rennet, or a junket tablet added 
to it. About two teaspoonfuls of essence of pepsin to the pint are 
required, while liquid rennet, according to White and Ladd, is active 
in the proportion of one drachm to two quarts. The junket tablet is a 
cheap, convenient, and very efficient means of precipitating the curd, 
and has been generally preferred by mothers who have tried all three 
agents. 

The milk is kept at 100° F. until coagulation takes place, and it is 
then put aside in the refrigerator to favor contraction of the curd and 
exudation of the whey. At the end of half an hour the solid curd 
is to be cut into small cubes, put into a freshly-boiled cheese-cloth bag 
of double thickness, and allowed to drain simply by gravity, since 
squeezing forces some of the curd through the meshes of the bag. After 
the whey is thoroughly drained it should be heated to a temperature of 
150° F. in order to destroy the rennin, and again cooled before being 
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finally mixed with the other fluids.- When partial predigestion of the 
milt and cream has been effected this heating of the whey is not neces¬ 
sary unless it bo desired for its Pasteurizing action. Otherwise in 
combination with raw milk the excess of rennin in the whey would 
cause precipitation of fresh curd. J 

!S t0 mixthe oream - “ d whole milk 
With the diluent ,n which the milk sugar has been previously dissolved 
divide the mixture into bottles each containing the amount for one 
feeding, and put away in the refrigerator. 

In conclusion, it may be stated that differential modification of the 
P ro . ,s not offered as a panacea for all the difficulties of infant 
feeding. In some cases even with the most carefully thoughtout com- 
binations disappointment must be expected. In a very few cases the 
addition of whey to the mixture in any proportion has seemed to pro¬ 
duce pam and indigestion. That such infante became comfortable under 
e use ofalm 32 dilution of condensed milk probably indicates that 
the power of digesting proteids was very weak, since this dilution of 
condensed m,lk contains only about 0.26 per cent, of proteids, a propor¬ 
tion considerably below any of the total percentages tried in the differ¬ 
ential modifications It ,s evident, therefore, that in some cases whey 
not ^ well borne. These few failures, however, in a 

rather extensive experience up to the present time, simply serve as the 
exceptions that prove the general rule. 

In a large number of other infants, of from four to five months or 
older, most of whom suffered from serious catarrhal disease, the result 
of prevmus faulty methods of feeding, whey has been perfectly borne 

feed/ 1 ^ ded f res . ult3 t wh ‘ ch Eeemei] ™possible under other forms of 
feeding. In not a few of these cases whey has formed the almost cxclu- 

lllww” 3 T It'" 15 Pr °‘f 9 iB mixtures consisting of cream and 
modTfi ^ f n eS8 tbe im P rove “ en t of nutrition under whey 
modifications has been striking and comparable only to that to be 

“r ned by 163011 to the breast “ :ik ° f a 

After all, the last word upon infant feeding still remains to be 

braunh/ “ ,8 | COnfidentI ^ claimed that differential modification has 
brought us several steps nearer to the hoped-for goal. Further study 

faitaLTt • P< T “ ma I I et ex pi fl iu and correct the few 
failures that occasionally occur. 

bm™ S* F.), 

the rennin and does not injure the whev hv c n n~,i o(l mperatnre fa sufficient to destroy 



